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ABSTRACT 

I identified the seasonal ranges and migration 

routes for Rocky mountain elk (Cervus elaphus nelsoni) that 

summered on the White Mountains Apache Reservation 

(reservation). I described elk distributions, movements, 

diets, and behaviors related to habitats in the White 

Mountains, Arizona from October 1983 to July 1986. I 

identified neonatal elk hiding habitats and how long they 

were used. Adult and neonatal elk were captured and radio 

collared. I determined movements and habitat use from 

direct observations of marked elk relocated by radio

telemetry. Yearly home ranges in this population were 

large; 638.9 ± 465.2 (SE) km2 and 385.7 ± 313.1 km2 for 

males and females, respectively. Distances elk moved/day 

were greater in summer (7.5 ± 0.3 km) and fall (6.5 ± 0.4) 

than in winter (3.2 ± 0.2 km). In summer, males selected 

spruce (Picea spp.) forests and associated clear cuts while 

females selected mixed-conifer types. In winter, males 

selected juniper (Juniperus spp.) and cleared sites. 

Females selected junipers and cleared sites, but also 

selected meadows and mixed-conifer sites. Daily and 

seasonal elk activity patterns were similar to those 

reported elsewhere. Seasonal segregation of male and 
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female elk groups occurred and was most related to 

elevational (and associated habitat) differences. Females 

moved to higher elevations, following snowmelt, earlier 

than males in spring, but males moved to higher elevations 

than females by summer. In fall, males and females used 

habitats at mid-elevations. Females were more frequently 

seen in forested types than males that were often observed 

in small forest openings. Habitat differences in winter 

were mostly spatial rather than structural. Diets of elk 

in spring were dominated by grasses (57.8%), summer diets 

by forbs (65.6%), fall diets by grasses (35.2%) and forbs 

(37.9%), and winter diets by oaks (Quercus spp.) (41.0%). 

Neonatal elk hid until 16 days old. Calves <10 days old 

moved less than calves ~10 days old. Calf hiding sites 

were in mid-elevational ponderosa (Pinus ponderosa) on 

gentle southwest slopes. Hiding cover 0.36 m to 1.70 m 

tall was the most important component of calf hiding sites. 
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INTRODUCTION 

Habitat is crucial to maintaining or enhancing elk 

populations (Thomas et al. 1979, Skovlin 1982). Pellet 

group counts (Reynolds 1962, 1966£,Q, 1969; Clary and 

Larson 1971; Patton 1974, 1976; Neff 1980) have been used 

to census elk in Arizona. However, relative density of 

pellet groups may not accurately represent elk use of 

habitat. Pellet group distribution is related to elk 

activity (Collins and Urness 1979); however, pellet 

groups do not indicate how elk used habitats. 

Radio-telemetry avoids some problems inherent with 

pellet counts and is used to study elk movements, 

distribution (Craighead et al. 1972, 1973), and habitat use 

in relation to logging, grazing, and other human 

disturbances (Ward et al. 1973; Pedersen et al. 1979, 1980; 

Knowles and Campbell 1982; Irwin and Peek 1983). Radio

telemetry can provide more elk locations than pellets can 

but simple location data do not explain what elk did in the 

habitat. 

Direct observations have been used to describe 

social organization (Altmann 1952, 1960, 1963; Franklin and 

Lieb 1979), selection of forage species (Collins and Urness 

1983), and reproductive behavior (struhsaker 1967). 

However, behavioral studies are seldom accompanied by 
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detailed habitat analyses. Direct observation of habitat 

use by elk is less frequent (Knight 1970, Mackie 1970, 

Franklin et ale 1975, DelGuidice and Rodiek 1982, Hershey 

and Leege 1982, Wallace and Krausman 1987). Systematic and 

area surveys are also used to describe elk habitats. These 

techniques have biases associated with type of habitat, 

animal behavior, and weather (Kabat et ale 1953, Berg and 

Hudson 1982, Samuel et ale 1987). 

Direct observation of radio-telemetered elk allows 

the observer to locate and relocate specific animals and 

can reduce observability biases (Leckenby and Adams 1981). 

Direct observation of radio-telemetered elk to study 

behavior related to habitat and availability has had little 

application (Leckenby and Adams 1981, Leckenby 1984). 

Direct observation provides a way to describe and assess 

the relative importance to elk of specific areas within elk 

habitats. 

My objectives were to identify seasonal movements 

and home ranges of individual elk and to describe seasonal 

habitats used by ellk and compare habitat use between the 

sexes. In addition I describe habitat use by neonatal elk. 

This study was conducted from October 1983 to June 1986 in 

the White Mountains , Arizona. These results should provide 

valuable information about the relationships between elk 



and their habitats in the Southwest, near the southern 

extent of the species range. 

STUDY AREA 

16 

I delineated my study area in the White Mountains, 

Arizona by the movements of radio-collared elk (Fig. 1). 

Elk were captured on the east half the reservation. Radio 

collared elk were subsequently followed and observed on the 

reservation and the adjacent Apache-Sitgreaves National 

Forests (ASNF), state, and private lands. 

The study area was formed by lava flows that 

obscured the Mogollon rim (the rim) that marks the southern 

edge of the Colorado Plateau. The study area consisted 

primarily of basalts and recent cinder cone mountains 

overlying older sedimentary deposits (Nations and Stump 

1981). The center of the study area was dominated by 

Baldy-Gordo, and Gordo Association soils that were formed 

from material weathered from volcanic rocks, cinders, and 

ash. Sponseller-Ess, and Thunderbird Association soils 

surroundad the central portion of the study area and were 

derived from weathering igneous rock. Soils on the 

southwest edge of the study area were derived from late 

Paleozoic to mid-Tertiary sediments. Soils in the northwest 

and northeast were primarily unconsolidated Pliocene and 

older sediments (Mitchell 1981). 

Climate was predominantly subhumid, but varied due 
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Figure 1. White Mountains Arizona study area determined 

(hatched line) from locations of radio-collared elk from 

october 1983 to July 1986. Political boundaries are 

outlined with dashed lines and towns are shaded. 
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su=uner (dashed line) ranges of elk in the \vhite Mountains, 

Arizor.~ 1984-1986. 
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to elevation, terrain, and prevailing winds. May and June 

were the driest months (Fig. 2). Thunderstorms from July 

through September provided 30-40% of the annual 

precipitation. Winter precipitation came from storms 

originating in the Pacific Ocean that provided heavy snows. 

On the winter range used by elk (1,600-2,160m) 

approximately 30% of the winter precipitation fell as snow. 

On summer range (>2,225m) >80% of winter precipitation was 

snow. Monthly temperature (Fig. 3) patterns during the 

study were similar (E = 0.02, 2 df, £ = 0.98) between years 

and from the 29-year mean for the area. However, 

precipitation (Fig. 4) differed (E = 4.05, 2 df, £ = 0.032) 

with greater than normal summer rains and winter snows in 

1984-85 and a particularly dry winter in 1985-86. 
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June 1986 and for the 29-year (1951-1980) mean in the White 

Mountains, Arizona. 
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Figure 4. Mean monthly precipitation (cm) from July 1984 to 

June 1986 and for the 29-year (1951-1980) mean in the White 

Mountains, Arizona. 
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vegetative associations 

Brown (1982) described 9 biotic communities on the 

5,107 km2 study area. Alpine tundra (>3,500 m), which 

comprised <1% of the study area and was found only in small 

patches above timberline on Mount Baldy and Mount Ord, 

consisted of many vascular plants, low growing shrubs, 

mosses, and lichens. 

Krummholz forms of corkbark fir (Abies lasiocarpa) 

and Engelmann spruce (Picea enge1manni) marked the 

beginning of the Rocky Mountain subalpine conifer forest 

(2,600-3,500 m), which included 7.1% of the study area. 

Engelmann spruce was the dominant tree species and commonly 

grew in association with corkbark fir. Quaking aspen 

(Populus tremu1oides) was often a seral dominant in Rocky 

Mountain subalpine, Rocky Mountain and madrean conifer 

forests (3.4% of the study area) between 2,100 and 3,000 m, 

and in old burns. Shrubs were poorly represented, but 

whort1eberry (Vaccinium spp.), dwarf juniper (Juniperus 

communis), elderberry (Sambucus spp.), currant (Ribes 

spp.), snowberry (Symphoriocarpos spp.), and honeysuckle 

(Lonicera spp.) were common. Herbaceous species, often 

lacking under closed forests, were more abundant in aspen 

stands or forest openings. Common grasses included brome 

(Bromus spp.), alpine Timothy (Phleum alpinum), fescue 

(Festuca spp.), and bluegrass (Poa spp.). Common forbs 



included fireweed (Epilobium spp.), mountain bluebell 

(Mertensia franciscana), fleabane (Erigeron spp.), 

groundsel (Senecio spp.), Richardsons' geranium (Geranium 

richardsonii), strawberry (Fragaria spp.), and vetch 

(Vicia spp.). 

Alpine and subalpine grasslands (2,600-3,500 m) 

made up 2.1% of the study and were common in the valleys 

and flat terrain within Rocky Mountain subalpine forests. 

Well drained sites were usually dominated by bunchgrasses 

(e.g., fescue, bluegrass, wheatgrass [Agropyron spp.], 

muhly [Muhlenbergia spp.]). Common forbs were cinquefoil 

(Potentilla spp.), orange sneezeweed (Helenium hoopesii), 

fleabane, yarrow, vetch, and clover. Wetter sites were 

dominated by sedges (Carex spp., Cyperus spp.) and rushes 

(Juncus spp.). 

23 

Rocky Mountain and madrean conifer forest (2,200-

2,900 m) was the major biotic community on the study area. 

Based on overs tory dominants this association can be 

conveniently divided into 2 major series. The mixed

conifer series with Douglas fir (Pseudotsuga menziesii) 

usually dominant, but associated with white fir (Abies 

concolor), limber pine (Pinus flexilis), and quaking aspen 

was dominant on cooler, mesic, or high elevation sites. 

The ponderosa pine (Pinus ponderosa) series was commonly 



associated with southwestern white pine (Pinus 

strobiformes) and dominated on xeric sites and lower 

elevations. 
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The mixed-conifer series (2,450-2,900 m) made up 

10.8% of the study area and was most common on steep slopes 

and canyons and usually formed a discontinuous belt above 

the extensive pine forests and below and the spruce-fir 

forests. Mature stands were dense, with closed canopy and 

heavy litter accumulation that limited undergrowth. Shade 

tolerant forbs like pyrola (pyrola spp.), rattlesnake 

plantain (Goodyeara spp.), violet (Viola spp.), and 

valerian (Valeriana arizonica) were most common. Brome, 

strawberry, sedge (Carex spp.) and bentgrass (Agrostis 

spp.) were common in openings. 

The ponderosa pine series (2,200-2,650 m) of the 

Southwestern united states is the largest pure ponderosa 

stand in North America (Harlow et al. 1979) and was the 

most common association (47.3%) on the study area. 

Ponderosa pine often grew in pure stands but was frequently 

found in association with southwestern white pine, Douglas

fir, white fir, and quaking aspen. Gambel oak (Quercus 

gambelii), and New Mexico locust (Robinia neomexicana) were 

also cornmon and even dominated some open sites. Understory 

shrubs were scarce, commonly represented by scattered 

populations of Fendler ceanothus (Ceanothus fendleri), rose 
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(Rosa spp.), currant, snowberry, or shrubby cinquefoil 

(Potentilla fruiticosa). Grasses that often dominated more 

open sites included fescue, brome, muhly, bluegrass, pine 

dropseed (Blepharoneuron tricholepis), squirreltail 

(Sitanion hystrix), and junegrass (Koelaria cristata). 

Common forbs on ponderosa sites included yarrow (Achillea 

lanulosa), bracken fern (pteridium aquilinum), mountain 

parsley (Psuedocymopterus montanus), peavine (Lathyrus 

spp.), clover (Trifoliium spp.), lupine (Lupinus spp.), 

geranium (Geranium spp.), strawberry, groundsel, vetch, and 

fleabane. Common understory species on aspen dominated 

sites were currant, rose, honeysuckle, brome, bluegrass, 

bracken fern, goldenrod, peavine, Richardsons' geranium, 

and vetch. 

Montane meadow grassland (2,300-2,600 m) made up 

6.3% of the study area and occurred in openings within the 

Rocky Mountain and madre an conifer forests. These were 

commonly natural openings (cienegas) on flat poorly drained 

soils. Common species included fescue, muhly, bluegrass, 

pine dropseed, orange sneezeweed, common mullien (Verbascum 

thapsus), and Rocky Mountain iris (Iris missouriensis). 

At lower elevations north of the rim, ponderosa 

forests gave way to Great Basin conifer woodland (1,500-

2,300 m) that made up 14.9% of the study area. This 
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pinyon-juniper woodland was dominated by Utah juniper 

(Juniperus osteosperma), one-seed juniper (~. monosperma), 

and Rocky Mountain pinyon (Pinus edulis) although, 

alligator juniper (~. deppeana), Gambel oak, and ponderosa 

pine were often present. The understory was typically 

composed of grasses (e.g., grama grass [Bouteloua spp.], 

dropseed [Sporobolus spp.], wheatgrass, muhly, and 

junegrass). Shrubs were represented by mountain mahogany 

(Cercocarpus spp.), manzanita (Arctostaphylos spp.), 

algerita (Berberis spp.), snakeweed (Gutierrezia 

sarothrae), and threadleaf groundsel (Senecio longilobus) 

and were most common on rocky slopes. Common forbs in the 

pinyon-juniper were buckwheat (Eriogonum spp.), Gilia 

(Gilia spp.), globemallow (Sphaeralcia spp.), Louisiana 

sagebrush (Artemesia ludoviciana), penstemon (Penstemon 

spp.), hedgehog cactus (Echinocereus spp.), and lupine. 

Madrean evergreen woodland (1,200-2,300 m) 

represnted 3.2% of the study area and formed an irregular 

transition between ponderosa forests and interior chaparral 

south of the rim. The dominant trees, gray oak (Quercus 

grisea), and Arizona white oak (~arizonica), were 

commonly found in association with ponderosa pine and 

alligator juniper at higher elevations and shrub live oak 

or turbinella (~ turbinella) at lower elevations. The 

understory was dominated by muhly and grama grasses, but 
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commonly included forbs were buclcwheat, penstemon, lupine, 

groundsel, and hedgehog cactus. 

The interior chaparral (1,050-2,000 m) represented 

2.0% of the study area. It occurred south of the rim and 

was dominated by shrub live oak accompanied by shrubs like 

mountain mahogany, cliffrose (Cowania mexicana), and 

manzanita. Interior chaparral and madrean evergreen 

woodland associations were commonly intermixed with species 

found in pinyon-juniper associations. Alligator juniper 

and one-seed juniper frequently dominated level sites. 

Crown cover was high (~70%) in most chaparral sites so 

forbs and grasses were scarce or restricted to openings. 

Wolf tail (Lycurus phleoides), grama, filaree (Erodium 

cicutarium), penstemon, yarrow, and goldenrod (Solidago 

spp.) were some of the more common species. 

Plains and Great Basin grasslands (1,200-2,300 m) 

also made up 2.0% of the study area and were found below 

pinyon-juniper or madre an evergreen-chaparral and up into 

ponderosa pine. This association was usually dominated by 

grama grass, however, shrubs such as rabbitbrush 

(Chrysothamnus spp.) and snakeweed were often conspicuous. 

Common forbs on these grasslands' included thistle (Cirsium 

spp.), primrose (Oenothera spp.), bahia (Bahia spp.), 

mallow, and groundsel. 
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Historical Land Use 

The diverse habitats on the reservation resulted 

from unusual patterns of land use, management, and climatic 

factors over the last 200 years. Spanish adventurers 

reached the White Mountains by 1540 (Cooper 1960) but 

effective guerrilla warfare by the relatively few nomadic, 

food-gathering Apaches prevented large scale white 

settlement until 1846 (Cooper 1960, pyne 1982). Permanent 

peace was not established until the 1870's. Due to the 

late settlement of the region, scientific explorations 

preceded extensive exploitation of land resources in 

Arizona (Cooper 1960). Cooper (1960) stressed the open 

park-like nature of uneven aged ponderosa forests that were 

characterized by small patches of even-aged trees 

interspersed with extensive bunchgrass communities, 

scattered browse species, and sparse pine regeneration. 

In ponderosa pine forests, small light surface 

fires were common (2-10 yr mean fire interval [MFI]) and 

there was a synchrony of large fires from widely scattered 

sites between 1700-1900. However, there was a dramatic 

reduction of fires beginning in the 1880's (Swetnam 1990). 

Before 1900, fires that completely burned mixed 

conifer habitats were uncommon (22-yr MFI) (Dieterich 

1983). Periodic (ll-yr MFI) small low intensity fires 

created a more pronounced conifer-aspen mosaic, thinned 



young stands, and raised old-growth crown levels. Canopy 

openings were more common and they created favorable 

conditions for regeneration of grasses, shrubs, and 

understory trees (Dieterich 1983). 
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Thin bark, persistent dead lower limbs, and shallow 

roots predispose spruce and fir to destruction by fire 

(Alexander 1987). In the White Mountains (Kallander 1969) 

and on Escudilla Mountain (Patton and Jones 1977) wildfires 

changed large areas of old-growth spruce-fir to even-aged 

aspen stqnds. 

Southwest aspen stands were primarily seral, 

established after small fires in ponderosa and mixed

conifer stands or large wildfires in spruce-fir stands 

(Mueggler 1985). Most aspen stands were being replaced by 

shade tolerant conifers. Only 5% of the aspen area in 

Arizona was in the seedling or sapling stage (Patton and 

Jones 1977). 

Zwolinski (1990) reviewed plant attributes that 

affect post-fire stand succession in southwestern forests. 

Fire intensity, frequency, post-fire site conditions, seed 

sources, and effects of herbivores are all determinants of 

stand composition following disturbance. Successful 

ponderosa regeneration in the southwest requires 

exceptionally warm and wet conditions (Schubert 1974). Such 



conditions are documented and correlated with successful 

ponderosa regeneration in the early 1900's (Cooper 1960, 

Savage and Swetnam 1991). 
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Dramatic land-use changes accompanied European 

settlement in the late 1880's. Intense grazing, initially 

by domestic sheep (Haskett 1936), and commercial haying of 

native grasses to supply military posts (Cooper 1960) 

removed understory grasses and forbs that had fueled 

episodic light surface fires in the ponderosa and mixed

conifer zones. A marked decline of fire scars dating from 

the 1880's, 20-40 years prior to effective fire suppression 

activities, coincides with intense grazing (Swetnam 1990, 

Savage and Swetnam 1991). Reduction of herbaceous 

competition by grazing helped prepare the ground for dense 

thiclcets of ponderosa regeneration during favorable years 

in the early 1900's (Cooper 1960). 

Logging for local uses in the White Mountains began 

in the 1850's and commercial logging began in the White 

Mountains in 1910. Due to the inaccessibility of the White 

Mountains and the economic vagaries of the timber industry, 

heavy commercial harvest was sporadic. The large Cooley 

mill, at McNary, and spur line to Maverick began operation 

in 1919 but operated near capacity only around 1920, 1924-

1927, and 1936-1942 (Matheny 1976). Harvest was primarily 

selective cutting of large accessible white and ponderosa 
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pine but included mixed-conifers by the 1930's. 

The first logging entry into the spruce-fir forests 

coincided with the completion of the tribally owned Fort 

Apache Timber Company (FATCO) mill at Whiteriver in 1963. 

High costs of road construction delayed access into spruce

fir forests. However, a 1964 Southwest wide outbreak of 

spruce beetle (Dendroctonus rufipennis) (Furniss and 

Carolin 1977) concentrated harvest in the 1960's on clear

cutting stands infested with the insects (D. E. Reinhold, 

Bureau Indian Affairs [BIA] forester, pers. commun.). The 

first major clearcuts also became the development site for 

the White Mountain Apache Recreation Enterpises ski resort 

and lodge. The lodge and the initial ski runs were 

completed in 1968. Inventory and survey of spruce-fir 

stands continued through the 1980's with primary management 

objectives of insect damage control and timber removal, 

achieved by clearcut harvesting (D. E. Reinhold, pers. 

commun.). Clearcut sizes increased and concern for the 

summer habitat of elk led to current management objectives 

in spruce-fir: no harvest through 1999 except for salvage 

or documented insect outbreak (D. E. Reinhold, pers. 

commun.) . 

Changes in grazing on the reservation were 

concurrent with increased timber harvest. Small individual 
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non-tribal leases common in the 1800's changed to large 

corporate ranches (some ranches had >9,000 cattle and 

>15,000 sheep). Large ranches were supported by increased 

demands for meat and wool products for World War I war 

efforts (McGuire 1980). Apache families also developed 

sUbstantial herds. Decades of non-tribal leases and 

haphazard stock management led to largely sedentary herds 

and overgrazing near established Indian communities. 

Additionally, ~10,000 wild horses (Eguus caballus) and 

burros (Eguus asinus) in the 1930's destroyed ranges to 

such an extent that bounties and round-ups were used to 

reduce populations (McGuire 1980). Post-war market 

declines and grazing policy changes on adjacent u.s. Forest 

Service lands intensified disputes between the growing 

Apache cattle industry and the financially struggling Anglo 

ranchers. There was a gradual change of grazing rights on 

the reservation from 1930 to the 1950's. In the 1920's, 

all the high elevation summer ranges were leased to white 

permitees. Apache cattle foraged all year on low elevation 

winter ranges. Throughout the 1940's high elevation 

reservation ranges were gradually restored to tribal use 

but, they were badly damaged by cattle, sheep, horse and 

burro overgrazing; unchecked erosion; juniper encroachment 

(McGuire 1980); and drought (Stockton and Meko 1975). 

Early pinyon-juniper control efforts (Arnold and 
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schroeder 1955) began in the 1940's on the reservation. 

Most of the work was funded directly by the Apache tribe 

(McGuire 1980). Despite extensive cutting, burning, and 

chaining treatments (>22,258 ha), and the additional area 

available for tribal grazing associations to move stock 

from winter to summer ranges, stock reductions were 

required in the 1940's to offset poor conditions from past 

overgrazing (McGuire 1980). However, by the mid-1950's 

modern tribal grazing association boundaries had been 

established. Improved range conditions and stock 

management allowed stocking to increase nearly to the 

current level of 17,000 cattle. 

Fire suppression in the southwest began in the 

early 1920's. Smoke jumpers were permanently established in 

the Southwest by 1947 (pyne 1982). Several modern fire 

suppression systems and perhaps the most effective fire 

prevention symbol, Smokey Bear, came out of the Southwest 

(pyne 1982). Effective fire suppression removed the 

natural mechanism for thinning the dense woody regeneration 

that was resulting from grazing changes, timber harvest 

activities, and a return of a wet weather cycle in the 

early 1900's. Leopold (1924) had already ascribed the 

widespread changes in southwestern pinyon-juniper and 

ponderosa pine stand structure and composition to 
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overgrazing, selective logging, and fire suppression. 

The Indian Reorganization Act of 1934 made forest 

and range planning and management mandatory on the 

reservation. In 1948, Harold Weaver became the BIA area 

forester and the reservation took the lead in extensive use 

and research on the effects of prescribed fire. From 1948 

to 1966 almost 80,937 ha were intentionally burned, some 

areas were even treated up to 3 times, to reduce fuels, 

damage from wildfires, and costs of fire control. 

Prescribed burning treatments on the reservation increased 

grass cover (Weaver 1951, 1957), reduced fuels (Gaines et 

al. 1958), increased stand productivity, reduced invasion 

by fire intolerant species (Lindenmuth 1960, Cooper 1961), 

and effectively reduced the severity of wildfires on 

treated lands (Kallander 1969). By the 1960's treatments 

on the reservation were an exemplary source of expertise 

for applying prescribed fire in the Southwest (pyne 1982). 

Habitats on the reservation show evidences of this 

historical use. Some areas exhibit extensive successional 

retardation resulting from over-use, logging, and fire 

suppression. other areas have remained in nearly pristine 

condition or have recovered to nearly natural conditions 

because of inaccessibility or early and progressive forest 

and range management on the reservation. 
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History of the Elk Herd 

Arizona's native elk, the Merriam's elk (Cervus 

elaphus merriami), were extirpated by overhunting in the 

late 1800's. The last recorded specimen was shot in 1898 

near Mount Baldy in the White Mountains, Arizona (Swank 

1955). Rocky Mountain elk (~. ~ nelsoni) were released 

from 1913 to 1963 to reestablish elk in Arizona (Table 1). 

statewide elk populations have grown from the initial 

transplants (N = 276) steadily to >20,000 (Arizona Game and 

Fish Department 1986). Elk hunting resumed under a permit 

system in 1935 (145 bulls harvested) and harvests increased 

until unlimited permits were authorized in 1940. Any elk 

harvests began in 1943. In 1946, after World War II, 

harvests increased dramatically and included large numbers 

of antlerless and spike elk until there was a rapid decline 

in 1954-55. Populations of elk in Arizona did not recover 

to >6,000 until 1960 (R. M. Lee, Ariz. Game and Fish Dep. 

[AGFD], unpubl. rep., 1989). Limited, firearms only, 

permits continued through the 1960's and archery only 

seasons were added in 1972. Permits were regulated through 

a lottery drawing system. Harvests have continued to 

increase steadily since 1973 with the state record harvest 

occurring in 1985 (N = 3,959 elk) (R. M. Lee, Unpubl. Rep., 

AGFD, 1989). Demand for elk hunting opportunities in 
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Table 1. History of Rocky Mountain elk ( ~ ~ nelsoni) 

reintroductions in Arizona. 

Year 

1913 

1918 

1927 

1928 

1963 

No. 

elk 

83 

22 

34 

23 

33 

55 

36 

Release 

site 

Cabin Draw,near 

Chevelon Creek, 

west edge of 

Sitgreaves N.F. 

Fate 

Established nucleus 

of central Ariz. 

herds. 

Mount Graham, near Not successful. 

Safford, Ariz. 

Capitan Mountain, Suvived, use desert 

near Cutter, Ariz. scrub habitats. 

Campbell-Blue 

River, south of 

Alpine 

Survived to form 

nucleus of eastern 

Ariz. 

Hualapai Mountains, Survived, maintain 

southeast of small isolated 

Kingman, Ariz. population. 

Bill Williams Mtn. Survived to form 

near Williams, 

Ariz. 

Hualapai Indian 

Reservation 

nucleus of western 

Arizona herds. 

Established growing 

herd on south rim of 

Grand Canyon. 
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Arizona are high. Only 18-24% of the applicants get an elk 

hunting permit in any year (AGFD, unpubl. rep., 1988). 

From 1913 to 1972, the AZGF managed elk populations 

on the reservation, regulating hunters and actively 

promoting non-tribal permits from 1961 to 1972 (Z = 177 elk 

harvested/year) (White Mountains Apache Game and Fish 

[WMGF] , Draft elk management plan, 1987). The White 

Mountains Fort Apache tribe (the tribe) became involved in 

elk management in the 1950's. White Mountain Recreation 

Enterprises Inc., part of which became the WMGF, contracted 

for a management plan in 1958 (W. L. Robinette, unpubl. 

rep., 1958, WMGF files). 

The tribe began active elk management in 1972 when 

WMGF took over wildlife management responsibilities on the 

reservation. They began to monitor tribal hunting with 

check stations and questionnaires in 1977. Tribal hunters, 

historically, preferred to hunt deer and did not harvest 

many elk (W. L. Robinette, unpubl. rep., 1958). Data were 

not available on tribal elk harvests prior to 1982. Since 

1982, tribal harvest varied from 181 to 360 elk (X = 

287/yr), (WMGF, Draft elk management plan, 1987). 

In 1976, WMGF initiated a trophy elk hunt and sold 

32 permits for a guided 5-day hunt for $5,000 each. The 

price increased and more permits were issued until, in 

1986, 46 permits were sold for $7,000 apiece. Trophy elk 
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hunters on the reservation harvest 2 to 3 Boone and 

Crockett record book elk/year and enjoy a >90% success rate 

on 6-point bulls. 

Trophy elk hunting provides substantial revenue for 

the tribe from permit sales, payments to tribal hunting 

guides, and retail sales associated with hunting. Public 

access, forestry operations, and other activities are 

stopped or severely restricted on elk ranges during the 15 

September to 30 October trophy elk hunt and scouting period 

because of the economic value of the trophy hunt to the 

tribe. My research activities were also curtailed. No 

ground observations were made on elk on the reservation 

during the trophy elk hunts. Therefore, fall data are 

limited and skewed toward the last third of the season. 

Only a few observations during early fall of individuals 

that wandered off the reservation during the trophy hunt 

are included. 

The WMGF manages elk on the reservation providing 3 

hunts targeted for a low percentage harvest of annual 

recruitment, particularly the older bull segments, to 

promote bull survival to older classes (Table 2). The AZGF 

manages elk off the reservation providing as many as 5 

hunts targeted for 50-60% harvest of annual recruitment and 

18-24 hunter recreation-days/elk harvested (AGFD 1986). 
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Elk rnoving on or off the reservation can be subjected to as 

many as 7, partially overlapping, hunts between September 

and February. 

winter ranges for elk and cattle in the White 

Mountains are limited to a narrow area that coincides with 

the ASNF, state, and private land boundaries north and east 

of the reservation and a broader strip along the rim on and 

southeast of the reservation. Winter and spring 

concentrations of elk on the ASNF, state and, private lands 

near the reservation are affecting the local cattle 

industry and creating depredation problems for local 

residents in the White Mountains (N. Dodd, AZGF, pers. 

commun.). Problems are also being created by summer home 

development in elk migration corridors (N. L. Dodd, AGFD, 

pers. commun.). 



Table 2. Age classes of trophy bulls harvested on the 

White Mountains Fort Apache Reservation, 1975-84. 

AGEa 

YEAR 2.5 3.5 4.5 5.5 6.S 7.5 8.5 9.5 10.5 11.5 12.5 

1975 1 3 1 1 2 

1979 4 6 3 1 1 

1984 1 1 7 5 2 2 3 2 

aData are from White Mountains Game and Fish, 

Draft elk management plan, 1987. 
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ELK MOVEUENTS AND HOME RANGES 

Seasonal ranges and migration routes are not 

delineated for most elk herds in Arizona (AGFD 1986) and no 

literature exists about elk that summer on the reservation. 

Determining cohesiveness of herds and patterns of their 

movements are requisites for managing elk by herd units. 

Home range is that area traversed by the individual 

in its normal activities of food gathering, mating, caring 

for young (Burt 1943), resting, and escaping predators 

(Krausman et ala 1989). An individuals' home range, over 

the animals' lifetime, should include all requirements for 

survival. However, home range estimated from only 2 years 

of an elks' life may not include all those required 

resources. Home-range size also should represent the space 

required to gain those resources under the given 

conditions. But, home range estimation techniques often 

include unused areas. Habitat selection at the home-range 

level can provide insights to habitat requirements within a 

specific geographical range (Johnson 1980). 

Sampling methods (Laundre' and Keller 1984) and 

calculation techniques (Jennrich and Turner 1969, Schoener 

1981, Anderson 1982, Laundre' and Keller 1984) can affect 

the outcome of home-range estimates. Techniques that 

describe the areal use patterns of animals are biased by 

sample size (Jennrich and Turner 1969), depend upon 
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independence between samples (Schoener 1981), and make 

assumptions about the underlying distributions of locations 

(Dixon and Chapman 1980). I used minimum convex polygon 

(MCP) and harmonic mean (HM) horne-range methods to describe 

the use patterns of elk in the White Mountains. Careful 

evaluation of sample size and sample point independence can 

reduce the effects of biases inherent in the techniques 

(Dunn and Gipson 1977, Swihart and Slade 1985, Boulanger 

and White 1990). Minimum convex polygon provided ready 

comparison to other studies and when properly applied could 

give a good first approximation of the habitat requirements 

for this population. 

My objectives were to identify and map seasonal 

ranges, migration routes, and horne ranges of elk in the 

White Mountains, Arizona. I tried to document seasonal 

range use; to determine individual elk horne-range sizes and 

locations; to examine home ranges in relation to sex, 

season, and vegetative associations; and finally, to 

provide a first approximation of elk requirements in 

eastern Arizona based upon an assessment of vegetative 

associations in elk home ranges. 
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METHODS 

Elk were captured on the reservation from October 

1983 through July 1984 using a modified Clover trap (Clay 

et ale 1980). Captured elk were fitted with standard radio 

collars (MOD-500) with mortality sensors (model HP) 

(Telonics, Inc., Mesa, Ariz.) (wt = 255 g). Collars were 

color coded and animals were fitted with numbered ear tags 

to aid visual field identification. Radio-collared elk 

were relocated ~2 X/month from a Maule (Model E-5) aircraft 

using equipment and techniques described by Krausman et ale 

(1984). In desert environments such aerial locations were 

accurate to within 4 ha (Krausman et ale 1984). Ground 

observations of each radio-collared elk were made ~2 X/30-

45 days. A subject elk was located before 1200 and tracked 

until dark to observe behavior and habitat use. The same 

elk was relocated before sunrise the following day and 

tracked until noon. Locations were plotted on u.s. 

Geological Survey 7.5 minute series topographical maps 

(1:24,000) using the Universal Transverse Mercator system. 

I mapped ranges and migration routes used by elk 

herds in the White Mountains from successive locations of 

radio-collared elk and additional observations of elk and 

elk sign (e.g., WMGF, aerial winter elk surveys and summer 

ground counts) (J. Jojolla, unpubl. rep., WMGF, 35pp. 

mimeo, 1984). Elk-days use on a seasonal range was assumed 
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to be the entire time between successive relocations on 

that range. 

Seasonal home ranges were determined from aerial 

and ground relocations of radio-collared elk. To 

incorporate both types of location data and to approximate 

independence of successive observations (Schoener 1981), 

elk relocations ~1 day apart were not included in seasonal 

home-range analyses. I tested for independence of 

relocations using Schoener's (1981) T2/r2 statistic 

following Swihart and Slade (1985). Home-range areas were 

determined using the minimum convex polygon method (MCP) 

(Southwood 1978) because this simple technique allows easy 

comparisons to other studies. I used minimum convex 

polygon area observation (AO) curves (Odum and Kuenzler 

1955) to evaluate home-range sample adequacy. Sampling was 

considered adequate when mean area increase over the last 5 

successive locations was ~1% of the horne-range area. 

Core areas of more intensive use within the home 

range were determined using the harmonic mean method 

(HM) (Dixon and Chapman 1980, Boulanger and White 1990). 

Horne-range analyses were conducted using the McPAAL 

software package (M. Stuwe and C.E. Blohowiak, Conserve 

Res. Cent., Natl. Zool. Park, smithsonian Inst., Front 

Royal, Va., 1985) All horne-range boundaries and core areas 
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were plotted on maps with the location data described 

above. Fidelity to seasonal home-range (i.e., overlap 

between years home ranges) (Edge et ale 1985) was examined 

using Jaccard's measure of association (Hubalek 1982) for 

elk with adequately sampled seasonal home ranges in >1 

year. I used MCP estimates to measure overlap. 

I calculated daily ranges and distances traveled 

from locations recorded during direct observation periods. 

Individual movement data were included only from 

undisturbed observation or tracking periods ~4 hours long. 

Individual daily ranges were obtained by compositing direct 

observations of the same elk from several tracking periods 

within a ~36-hour period. 

Defining habitat availability is most critical when 

assessing habitat selection (Alldredge and Ratti 1986, 

Thomas and Taylor 1990). I assumed that total telemetry 

locations of all marked animals delimited the extent of 

habitats available by the population during the study 

period. Habitat availability was then estimated within the 

MCP estimate of the area used by the telemetered 

population. Spring (Mar-May), summer (Jun-Aug), fall (Sep

Nov), and winter (Dec-Feb) seasons were identified based on 

climatic patterns. Winter habitat availability was 

truncated for areas ~2,316 m elevation, the mean winter 

snow level. Transition (spring and fall) habitat included 
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areas ~2,316 m and ~3,048 m. Summer habitats were all 

those ~2,316 m elevation. Cliffs, lakes, and permanent 

human habitations were excluded from determinations of elk 

habitat availability. 

Habitat availability was estimated from randomly 

placed grids over available timber maps or aerial 

photographs where maps were not available. I 

systematically recorded forest associations at the corners 

of each grid square (McCorquodale et al. 1989). Forest 

associations included within seasonal horne ranges of elk 

were estimated by plotting seasonal horne ranges of 

individuals on available maps. Percentages of forest 

associations within horne ranges were then estimated as 

described above. 

I used replicated goodness-of-fit tests (Sokal and 

Rohlf 1981, Thomas and Taylor 1990) to examine the null 

hypothesis that seasonal elk horne ranges include forest 

associations in proportion to their availability. Forest 

associations were selected for if percent use was greater 

than percent availability and, selected against if use was 

less than availability. 

RESULTS 

I assisted with the capture and radio-collaring of 

36 elk (11 M, 25 F) (APPENDIX A). No mortalities resulted 
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from capture or collaring techniques. 

Aerial or initial (beginning of an independent 

observation period) locations of radio-collared elk (n = 

1,397) were used to map seasonal ranges and migration 

routes (Fig. 5). Summer range areas overlapped extensively 

but, 10 seperate winter ranges were identified. winter 

ranges delineated include sUbstantial transition range 

(habitats between 2,316 and 3,048 m elevation) because elk 

made elevational movements throughout late winter and 

spring each year. Three winter ranges identified (Faught 

Ridge, lower Diamond Creek, and Black River) were based on 

relocations of only 1 radio-collared elk each. However, 

all winter ranges were used ~2 years by ~1 elk (except for 

Black River; the signal was lost for bull No. 210 for 

unknown reasons in Mar 1985). 

Movements to winter range were rapid and related to 

heavy snowfalls. Individual migratory responses varied, 

but 3 general patterns were discernible (Table 3). Pattern 

I was most common (51%) and elk moved quickly ~2 days after 

the first major snowfall to 1,980-2,377 m holding areas 

where they 'remained until heavier snows pushed them to 

winter range. For pattern II some elk (32%) moved directly 

to winter areas and stayed there while others (pattern III, 

17%) moved back and forth between winter range and the 

lower edges of summer range before returning to wintering 
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Figure 5. Seasonal ranges and migration routes mapped from 

relocations of radio-collared elk in the White Mountains, 

Arizona, 1983-1986. Thickness of arrow denotes relative 

number of elk using that route. 



Table 3. Fall (Sep-Nov) and spring (Mar-May) movement 

patterns (days between leaving and staying on seasonal 

ranges) of elk between seasonal ranges in the White 

Mountains, Arizona, 1983-1986. 

Movement 

patterna 

I 

II 

III 

IV 

V 

VI 

1983-84b 

14-30 

N 

13 

not reported 

~ 2 

27-26 

21-53 

< 2-11 

15 

4 

11 

7 

Fall 

1984-85 

7-41 

10-27 

~ 2 

Spring 

71-86 

68-86 

~ 5-36 

N 

14 

5 

5 

2 

16 

3 

1985-86 

10-49 

15-57 

115-157 

73-126 

< 5 

49 

!! 

10 

3 

3 

12 

6 

1 

a Movement patterns: I = early move to transition 

range where elk stay for an extended period before moving 

to winter range, II = repeated movements up and down 

between winter and summer range, III = single direct move 

to winter range, IV = early, slow move to summer range, V 

= mid-spring slow movement to summer range, VI = late, 

rapid move to summer range. 
b From J. Jojolla (unpubl. rep. WMAGF, 35pp. mimeo 

1984) . 
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areas. Fall movements to winter range did not differ 

(Wilcoxon T+ = 22, n = 7, £ = 0.109) between sexes. 

Distances between summer and winter ranges varied from 11.2 

to 32.6 km (Z 16.8 ± 3.36 km). Time spent on winter range 

differed between winter range areas (Wilcoxon T+ = 24, n = 

7, £ = 0.039) on and off the reservation (Table 4). 

Elk moved off winter ranges earlier during the mild 

winters in 1983-84 and 1985-86 and used large portions of 

transitional range during the winter months. Elk-days use 

on winter and transitional ranges varied with snow depth 

(Fig. 6 a,b). Mean interval between relocations of elk in 

winter was 9.06 ± 5.05 days. 

Spring movements followed the same general routes 

as fall, but return to summer ranges was more gradual 

(Table 3). Mild winters in 1983-84 and 1985-86 allowed elk 

to move to summer ranges earlier (Z = 28 days) in 1984 and 

spend more time on transition ranges (Z = 57 days) in mid

winter 1985-86. An early spring migration was interrupted 

by late storms 11-17 March in 1986, causing elk to return 

briefly to lower transitional range. There was no regular 

sex or age related pattern to fall movements. Early spring 

movements (pattern IV) were most often (89%) exhibited by 

adult females. Both sexes showed mid-spring elevational 

vacillation (pattern V), while late spring moves directly 

to summer range (pattern VI) were most often (82%) made by 



Table 4. Number of days elk remained on winter range or transition range in 

the White Mountains, Arizona, 1983-86. 

Year 
Elk location 

1983-84a 

onb reservation 
No. elk 

Offb reservation 
No. elk 

1984-85 

Onb reservation 
No. elk 

Offb reservation 
No. elk 

1985-86 

onb reservation 
No. elk 

Offb reservation 
No. elk 

M 

115 
1 

SE 

83.2 4.6 
2 

80.9 8.6 
2 

69 
1 

No. 
adult 

F SE 

82.7 21.3 
13 

93.9 12.9 
7 

56.1 10.6 
9 

74.2 
7 

6.1 

M 

88 
1 

64.9 
8 

No. 
vear1inq 

SE F 

6.1 

SE TOTAL SE 

92 
2 

116 
6 

86.1 24.2 
15 

91.5 11.9 
9 

62.3 10.1 
11 

73.7 11.4 
16 

aData (J. Jojolla, unpubl. rep., WMAGF, 35pp., mimeo, 1984) were not 

separated by sex and age classes for different ranges. 

bWinterjtransition ranges separated by location (Fig. 5). 

Ln ..... 
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Figure 6. (a) Number of days elk occupied winter and spring 

ranges in relation to mean snow depth during winter of 

1984-1985. (b) Number of days elk occupied winter and 

spring ranges in relation to snow depth during winter of 

1985-1986. 
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yearling and adult males. 

My samples were sufficient (based on AO curves) to 

describe yearly horne ranges for 18 (5 M, 13 F) elk (Table 

5). Mean number of observations to meet AO sampling 

criteria was 41.4 ± 13.2. Inadequate sampling resulted 

from elk mortality (n = 7), collar loss (n = 2), 

insufficient seasonal ground locations (n = 3), or signal 

loss for unknown reasons (n = 6). On some winter ranges I 

was unable to supplement aerial locations because the 

ranges were not accessible. 

I combined ground and aerial locations to estimate 

horne-range size. Successive locations within seasons were 

independent (mean T2/r2 [Schoener 1981] = 1.79 ± 0.46; 

critical value for rejection of Ho [Swihart and Slade 1985] 

~ 1.26). However, when I combined seasonal observations to 

estimate yearly horne ranges they showed significant 

autocorrelation (T2/r2 = 0.57 ± 0.22; critical value = 

1.74). This displays the migratory nature of elk home

range use in this area, where locations are temporally 

concentrated in seasonal use areas. I identified winter 

and summer home-range areas by seasonal concentrations of 

observations. Spring and fall home ranges were large with 

widely scattered to bimodally grouped observations. 



Table 5. Home-range sizes (km2 ) for 5 male and 13 female elk using minimum 

convex polygon (MCP) , and harmonic mean (HM); 95, 75, 50 % contour intervals 

(HM95, HM75, HM50) estimates, respectively in the White Mountains, Arizona 1983-

1986. 

l-ia1es Home ranqe estimate 

Season MCP SE HM95 SE HM75 SE HM50 SE 

Spring 11a 301.40 344.21 126.72 88.95 44.49 33.45 15.22 9.82 

Summer 10 30.89 23.29 6.76 10.68 2.50 3.92 0.82 0.53 

Fall 10 162.06 73.98 76.01 42.80 29.49 15.01 6.35 4.13 

Winter 12 194.72 333.21 82.89 153.50 28.82 52.36 9.12 5.92 

Yearly 42 638.90 465.23 445.51 339.85 155.82 102.74 50.41 32.45 

Females 

spring 13 126.58 73.46 103.13 70.97 37.29 24.53 14.17 9.65 

Summer 12 20.31 16.84 9.85 8.32 4.62 3.71 1. 04 0.86 

Fall 11 137.57 105.39 67.62 47.41 28.42 21.93 5.29 3.52 

Winter 13 111. 69 150.59 73.56 145.72 27.03 43.51 7.84 12.53 

Yearly 48 385.68 313.11 271.49 191. 78 99.65 64.15 29.29 16.09 

aMedian number of observations/animal/season. 

V1 
~ 
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Elk (1 M, 4 F) that wintered off the east side 

(east herds) of the reservation had larger (X = 859.78 , + 

99.42 km2 , f = 10.76, 4 df, £ = 0.005) home ranges than 

those wintering on, or north of, the reservation (west 

herds) (X = 328.94 ± 80.82 km2 ). Summer (X = 19.71 ± 4.64 

km2 ) and winter (X = 47.90 ± 11.29 km2 ) range sizes, with 

the exception of 1 east herd female that wintered in 2 

areas each year, were not different (t = -1.63, 34 df, £ = 

0.121) between east and west herds. However, elk from the 

east herd had spring (X = 353.24 ± 149.27 km2 ) and fall (X 
= 275.90 ± 42.29 km2 ) ranges that were larger (t = 5.96, 34 

df, £ ~ 0.001) than elk from west herds (X = 87.84 + 12.40 

km2 , and X = 102.25 ± 17.12 km2 for spring and fall, 

respectively). Controlling for east-west herd differences 

and excluding the 1 female noted above, horne-range size 

differences were apparent. Spring (X = 146.82 ± 41.00 km2 ) 

and fall (X = 140.84 ± 23.47 km2 ) ranges were still larger 

(f = 5.84, 3 df, £ = 0.001) than summer and winter ranges 

(X = 24.27 ± 4.64 km2 , and X = 69.70 ±21.29 km2 , 

respectively) though winter horne-range size was extremely 

variable. 

Males had larger (f = 4.56, 3 df, £ = 0.049) 

yearly horne ranges than females, but spring was the only 

season where male horne ranges were significantly larger 
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(t = 2.24, 16 df, E = 0.040) than female horne ranges (Fig. 

7 a-d). 

Indices of yearly horne-range fidelity ranged from 

0.42 to 0.52 (Table 6). Seasonal range fidelity was low. 

Spring and summer range fidelity was greater (Q > 4, E S 

0.05) than fall and winter horne-range fidelity. There was 

no difference (Q = 48.5, E = 0.35) in horne-range fidelity 

between sexes for any season. Areas of overlap for winter 

and summer range coincided with core areas identified by 

harmonic mean analysis. Mean distance between harmonic 

mean centers of activity (Dixon and Chapman 1980) for 

seasonal horne ranges was 6.21 krn, SE 1.52 (Table 7). 

There were no significant differences between years 

centers of activity related to sex or age of elk for any 

season (Q ~ 96.0, E ~ 0.49). However, summer between year 

harmonic mean centers were closer (X = 2.59 km + 2.11 kmi E 

S 0.05) than other seasons. 

Distance traveled and times elk moved varied among 

individuals. Mean daily distances traveled differed 

between seasons (~= 12.57, 3 df, E S 0.001). Summer (X = 

7,537.1 m, SE = 323.6) and fall (X = 6,506.4 m, SE = 475.3) 

distances traveled/day were not different, but winter (X = 

3,170.8 m, SE = 166.2) and spring (X = 3,989.5 m, SE = 

315.2), distances were reduced (E S 0.05). Despite the 

variation, distances moved/hour in relation to time of day 



Figure 7. Typical home range patterns for (a) east herd 

adult male (No. 150) i home-range size 1,048.7 km2 , n = 42 

57 

locations. (b) east herd adult female (No. 261) 825.6 km2 , 

n = 42 locations. (c) west herd adult male (No. 420) i 492.0 

km2 , n = 46 locations. (d) west herd adult female (No. 

341) 362.7 km2 , n = 43 locations in the White Mountains, 

Arizona 1984-1986. 



Table 6. Jaccard indices (Hubalek 1982) comparing yearly and seasonal home-

range overlap between years for elk with adequate observations to make home-

range estimates, White Mountain Fort Apache Reservation, Arizona, 1983-86. 

Values indicate relative overlap and can range from a (no overlap) to 1 

(complete overlap). 

Sex Season a 

Serin9 Sunmer Fall \.linter Annual 

Index SE Nb 
~ ~ li ~ SE li Index ~ li Index ~ li 

H 0.232 0.014AC 12 0.289 0.063A 6 0.082 0.023B 12 0.055 0.036B 5 0.422 0.041 5 

F 0.229 0.01~ 30 0.158 0.02gA 17 0.080 0.011B 30 0.040 0.029B 13 0.5200.024 13 

a Spring = Mar-May, summer = Jun-Aug, fall = Sep-Nov, winter = Dec-Feb. 

b No. comparisons between elk with adequate horne-range estimates in 

,?2 years. 

c Values with different letters are significantly (E < 0.05) different. 

U1 
(Xl 
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Table 7. Mean distances (kro) between harmonic mean home

range centers for elk with adequate observations to 

estimate seasonal home ranges in ~2 years, White Mountain 

Fort Apache Reservation, Arizona, 1983-86. 

No. No. 

Seasona comparisonsb elkc Distance SE 

spring 42 22 5.88 0.91 

Summer 23 23 2.25* 0.44 

Fall 42 21 9.51 1.16 

winter 36 18 7.18 0.55 

Year-long 143 18 6.75 6.57 

a Spring- = Mar-May, summer = Jun-Aug, fall = Sep-

Nov, winter = Dec-Feb. 

b An individual elk could provide as many as 3 

comparisons (e.g., spring 1984 vs. 1985, spring 1985 

vs. 1986, and spring 1984 vs. 1986). 

C No. individual elk compared. 
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Table 8. Mean distances moved (m/hr) by elk under observation in the ~hite Mountains, 

Arizona 1984·86. 

Time Seasona 

of Day SQring Sumner Fall ~inter 

Distb SE Minc Dist SE Min Dist SE Min Dist SE Min 

0500 d 498.3 183.4 422 

0600 392.5 129.3 575 637.5 112.9 625 415.0 42.5 460 159.2 51.3 426 

0700 405.5 76.6 483 607.1 105.2 723 746.7 175.6 593 479.5 101.2 550 

0800 325.7 124.0 600 608.3 114.0 770 618.0 85.9 550 421.4 96.6 653 

0900 268.4 139.8 467 530.4 149.7 670 745.5 177.6 615 598.6 152.0 560 

1000 176.9 47.1 517 255.3 93.6 830 525.3 175.2 573 338.2 153.1 554 

1100 262.1 56.1 604 210.2 118.1 662 116.7 74.1 533 137.8 79.6 535 

1200 121.6 116.7 575 200.7 80.3 566 175.2 65.1 521 101.7 73.8 (,46 

1300 137.4 70.8 547 413.3 105.4 520 225.8 103.6 563 205.1 81.3 507 

1400 265.7 85.7 608 275.1 141.9 636 420.1 166.4 597 256.9 125.9 546 

1500 294.9 76.0 630 580.8 127.2 733 393.3 102.1 574 435.8 130.6 674 

1600 391.8 108.6 607 513.3 109.9 625 640.0 104.9 496 494.3 122.1 540 

1700 498.2 115.7 600 716.0 162.4 710 773.3 202.5 395 542.6 158.1 433 

1800 353.8 97.7 598 780.5 166.7 573 711.1 129.1 350 

1900 710.4 198.3 494 

a Spring = Mar-May, summer = Jun-Aug, fall = Sep-Nov, winter = Dec-Feb. 

b Mean distance (m) moved during that hour. 

C No. min of observation during that time period. 

d Data excluded for <3 elk or <120 min of observations that hour. 
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(Table 8) showed a common crepuscular activity pattern. 

After controlling for minutes elk observation,time of day 

(E = 2.73, 13 df, E = 0.001) and season (E = 16.94, 3 df, E 

~ 0.001) both affected distance moved/hour. However, the 

season X time of day interaction effect was not significant 

(F = 1.39, 36 df, E = 0.081). Distances moved/hour were 

greater near sunrise and sunset and decreased during mid

day. Mid-day movements decreased most from fall through 

winter. Daily movements also differed between seasons. In 

winter movements frequently showed a daily pattern of 

movement to and from the same forage and bedding areas. 

Spring, summer, and fall daily movements were more linear. 

Elk wandered, often foraging along the way, through many 

vegetative types without returning to specific sites to 

feed or bed. In late spring and early summer, however, elk 

often stayed close to open mesic foraging areas throughout 

the day. 

I limited comparisons of home-range composition and 

forest type availability to summer and winter ranges 

because spring and fall ranges were used for short periods 

and showed disparate use between years. Summer ranges of 

males (Z summer range harmonic mean center = 2,782.1 m, SE 

= 88.4) were higher elevation than for females (Z = 2,433.5 

m, SE = 66.1) (U = 239, E ~ 0.05). Winter harmonic mean 

centers for home ranges of males and females were not 
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different (U = 103, E ~ 0.05). 

Summer (Table 9) and winter (Table 10) home-range 

forest type selection show differences in home-range compo

sition between the sexes. Male's summer home ranges were 

dominated by spruce, ponderosa, and Douglas-fir forest 

types but, selected for (included in greater proportion 

than their availability) higher elevational spruce and 

associated clear cuts in summer and selected against (used 

less than their availability) ponderosa types. Female's 

summer home ranges were dominated by ponderosa, Douglas

fir, and spruce but, selected for mid-elevation Douglas-fir 

and clearcuts and large burns in ponderosa, but included 

lower elevation ponderosa types in proportion to 

availability. Male home ranges included meadows 

proportionally to their availability, while females 

selected against them in summer. This reflects later green 

up and more mesic conditions in higher elevation meadows in 

late summer. winter home ranges of males were dominated by 

ponderosa and pinyon-juniper types, but males selected for 

pinyon-juniper and artificial openings and against open 

«10% crown density) and ponderosa forest types. Male's 

home ranges included pinyon-juniper stands with old 

clearings (removal treatments during 1950-1960's) or sera I 

brushfields associated with old burns. winter home ranges 



Table 9. Forest associations used by elk in summer in the ~hite Mountains, Arizona, 1983-86. 

Forest 
associationb 

Halesa 

o 

1 . 

2 

3 

4 

5 

7 

Femalesa 

o 

2 

3 

4 

5 

6 

7 

~ available 

4.5 

46.7 

16.4 

5.7 

12.0 

12.0 

2.7 

4.5 

46.4 

16.3 

5.6 

12.0 

12.0 

0.6 

2.7 

X of home range 
within the minimum 
£Qill!Q! po l ygon 95% C_I_ 

2.1 0.0 ~ Po ~ 4.2 

20.2 14.2 ~ P1 ~ 26.2 

15.3 9.9 ~ P2 ~ 20.7 

8.5 2.8 ~ P3 ~ 10.0 

35.1 29.9 ~ P4 ~ 44.3 

9.8 5.4 ~ Ps ~ 14.2 

8.9 4.7~P7~13.1 

2.4 1.1~PO~ 3.7 

43.2 38.9 ~ P1 ~ 47.5 

21.1 17.6 ~ P2 ~ 24.6 

6.9 4. 7 ~ P3 ~ 9.1 

13.0 10.1 ~P4~15.9 

6.9 4.7 ~ P5 ~ 9.1 

0.1 0.0 ~ P6 ~ 0.4 

6.5 4.4 ~ P7 ~ 8.6 

a 2 2 X = 89.13, P < 0.001, M; X = 49.47, P < 0.001, F. 

~ 

<c 

< 

= 

> 

= 

> 

< 

= 

> 

= 

< 

< 

> 

b Forest associations: 0 = untimbered, 1 = ponderosa pine, 2 = Douglas fir, 

3 = aspen, 4 = spruce, 5 = meadow, 6 = pinyon-juniper/chaparral, 7 = recent regenerating 

clear cut or forest fire. 

C Selected for (», selected against «), or used equal (=) to availability. 
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Table '0. Forest associations used by elk in winter in the Yhite Mountains, Arizona '983·86. 

Forest 
associationb 

Malesa 

o 

2 

3 

5 

6 

7 

Femalesa 

o 

2 

3 

5 

6 

7 

~ avai lable 

2.3 

55.4 

2.6 

0.2 

6.8 

32.1 

0.6 

2.3 

55.4 

2.6 

0.2 

6.8 

32.1 

0.6 

% of home range 
within the minimum 

~~ 9S% C.1. 

0.3 0.25 ~ Po ~ 0.35 

41 •• 2 39.10 ~ P, ~ 49.32 

3.1 1.24 ~ P2 ~ 4.76 

0.2 0.0 ~ P3 ~ 0.55 

9.2 6.22 ~ Ps ~ 12.18 

39.1 34.27 ~ P6 ~ 44.33 

4.0 1.98 ~ P7 ~ 6.02 

0.2 0.0 ~ Po ~ 0.53 

45.6 42.81 ~ P, ~ 48.63 

6.7 5.24 ~ P2 ~ 8.16 

0.1 0.0 ~ P3 ~ 0.27 

8.7 7.05 ~ Ps ~ 10.35 

35.2 33.77 ~ P6 ~ 37.51 

3.5 2.43 ~ P7 ~ 4.59 

a 2 2 X = 25.83, P < 0.001, H: X = 23.15, P < 0.001, F. 

Use 

<c 

< 

= 

= 

> 

> 

< 

< 

> 

= 

> 

> 

> 

b Forest associations: 0 = untimbcred, 1 = ponderosa pine, 2 = Douglas fir, 

3 = aspen, 4 = spruce,S = meadow, 6 = pinyon-juniper/chaparral, 7 = recent regenerating 

clear cut or forest fire. 

c Selected for (», selected against «), or used equal (=) to availability. 
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of females were dominated by ponderosa and pinyon-juniper 

types. Females selected for pinyon-juniper clearings. 

But, they also selected north faces, riparian Douglas-fir 

stands, and open meadow types more than males did. 

DISCUSSION 

I identified 10 separate wintering areas used by 

elk summering on the WMAR (Fig. 5). I also identified 

major migration routes and spring-fall transition areas 

(Hershey and Leege 1982). Seasonal migration patterns were 

similar to those reported by Adams (1982) and Hershey and 

Leege (1982), though distances moved reflect the topography 

of the study area. East herds moved farther than west 

herds because suitable low elevation ranges were more 

distant. Elk-days use of winter range areas varied widely. 

Mean duration of snow cover >5 cm on winter and lower 

transition ranges during the study was 6.3 ± 5.3 (SD) days. 

However, each winter 3-5 major storms pushed elk back onto 

lower winter areas. other elk herds show similar movements 

Brazda (1953), Sweeney (1975), and Hershey and Leege . 

(1982). Time spent on wintering areas differed between 

years, due to snow levels (Sweeney 1975, Hershey and Leege 

1982), and between areas. This probably was due to the 

number of radio-collared elk sampled (n = 10) that used the 

severely overgrazed Corn Creek-KL Ranch winter range area 
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on the reservation (J. Jojolla, unpubl. rep. WMAGF, 35pp. 

1984). There was very little available forage on the lower 

portions of the Corn Creek-KL Ranch winter range. Elk 

wintering on that range moved to transition areas when snow 

melted. Spring movements also were similar to those 

reported elsewhere (Brazda 1953, Boyd 1970). However, 

spring movements began earlier and were more gradual than 

those reported for more northern herds (Craighead et al. 

1972, Sweeney 1975, Adams 1982, Hershey and Leege 1982). 

Home ranges (X = 461.7 km2 ± 371.7 [SD]) were 

larger than those reported for other elk herds (Craighead 

et al. 1972, Georgii 1980, and Georgii and Schroder 1983, 

McCorquodale et al. 1989). Summer home ranges (X = 23.5 

km2 ± 19.0 [SD]) were similar to those reported by Franklin 

et al. (1975), Georgii (1980), Georgii and Schroder (1983), 

McCorquodale et al.(1989). Other seasonal ranges were 

large and reflect the elevational movements of elk in the 

White Mountains in relation to snow levels during fall 

through spring. 

Yearly home-range fidelity was comparable to that 

reported by Edge et al. (1985) but seasonal range fidelity 

was low. Summer range fidelity was highest but use of 

early green up in large meadows each year increased late 

spring range fidelity. Despite low home-range area 

overlaps, 75% of elk observed ~ 2 years returned to the 



same general wintering areas and 95% to the same summer 

areas. 
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Daily movements show diurnal and seasonal patterns 

similar to those reported by Stehn (1973), Georgii (1981), 

Georgii and Schroder (1983), and Green and Bear (1990). 

Elk traveled less at mid-day than during the major feeding 

periods in the crepuscular hours. There was movement 

throughout the day in all seasons unlike the mid-day 

resting reported by Altmann (1952). Diurnal winter 

movements were less than those of other seasons. Georgii 

and Schroder (1983), Green and Bear (1990) reported similar 

patterns resulting from winter areas in proximity to human 

disturbance. Elk that were distant from human disturbance 

in the Alps were more active at mid-day (Georgii 1981, and 

Georgii and Schroeder 1983). Elk on inaccessible winter 

areas in this study also could have been more active in the 

day. 

Elevational differences accounted most for 

different habitat selection by the sexes at the home-range 

level (Johnson 1980). Males moved to higher ranges in 

summer than females. Perhaps, because females remained at 

mid-elevations in May-June to have their calves (Sweeney 

1975, Wallace and Krausman 1991). Males selected spruce 

and small to moderate clearcuts in spruce types and against 
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ponderosa in summer horne ranges. Males used Douglas-fir, 

aspen, and meadow types in summer "horne ranges in proportion 

to their availability. Females selected for Douglas-fir 

and small burns and clearcuts in ponderosa or Douglas-fir 

types on summer horne range. They selected against large 

meadows that dried out at mid-elevations by summer. 

Females selected against pinyon-juniper types on summer 

ranges and they used ponderosa, aspen, and spruce types in 

proportion to their availability. Edge et al. (1987) 

reported similar use in Montana ,while DelGuidice and 

Rodiek (1982), and Wallace and Krausman (1987) reported 

similar habitat occupation by elk in Arizona. 

Winter horne range selection was different for males 

and females. Pinyon-juniper and ponderosa dominated home 

ranges of both sexes. But females selected Douglas-fir 

stands, meadow openings, pinyon-juniper and pinyon-ju 

treatment areas, while males selected only for the pinyon

juniper and treatment areas. Peek and Lovaas (1968) also 

documented differential habitat use by sexes on winter 

range in Montana. 

Based on percent composition of forest types within 

seasonal horne ranges I derived a crude first approximation 

of vegetative type requirements for elk in Arizona (Table 

11). This model, derived under the environmental and elk 



Table 11. Area (km2 ) of forest association required for elk in the White Mountains, 

Arizona. Calculated as mean minimum convex polygon home-range size times the 

mean percent of forest association within home ranges of elk sampled from 1983-86. 

X home 

Season range size Qa .! 

Summer 

I1 30.89 0.65 6.24 

F 20.31 0.49 8.77 

winter 

I1 194.72 0.58 86.07 

F 111. 69 0.22 50.96 

~ ~ 

4.73 2.00 

b 4.29 1.40 

6.04 0.39 

b 7.48 0.11 

Forest types 

.! ~ 

b 11. 46 3.03 

2.64 1.40 

§. 

0.02 

1. 

2.75b 

1.32b 

b b 17.91 76.13 0.78 

9.72b 39.31b 3.91b 

a Forest associations: 0 = untimbered «10% crown cover), 1 = ponderosa pine, 

2 = Douglas fir, 3 = aspen, 4 = spruce, 5 = meadow, 6 = pinyon-juniper or chaparral, 

7 = recent regenerating clear cut or forest fire. 

b Association selected for during that season. 
0' 
~ 
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population conditions prevalent in the White Mountains from 

1984 to 1986, does not account for variations that could 

occur under different conditions or elk densities. Given 

Burt's (1943) definition of home range, all types 

represented within the home range are required. However, 

vegetative types selected for do not comprise the greatest 

portion of the habitats within the home ranges. For 

example, males used spruce, ponderosa, Douglas-fir, 

meadows, and clear-cuts in summer, but those types selected 

for (i.e., spruce and clear cuts) were the most important 

to male elk in the White Mountains, Arizona in summer. 
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ELK HABITAT USE 

Wildlife habitat is the sum of environmental 

factors required by a species to survive and reproduce in a 

particular area (Gysel and Lyon 1980). Habitat for a 

species or a population may be partitioned such that 

distinguishable habitats exist for males and females (King 

and smith 1980) or different age classes. 

Habitat preference implies a choice among habitats 

that may all provide the combination of factors required 

for survival; or choice of 1 habitat over another despite 

availability (preference exists even when the preferred 

habitat is not available) (Peek 1986). Habitat selection 

implies a choice among those conditions that are available 

while habitat use implies only occupation of an area with 

no connotation of preference (Peek 1986). Habitat 

requirements or preference cannot be determined without 

experimentation. Habitat selection can be inferred from 

observational studies by comparing habitat use to 

availability. 

Habitat use implies that an area is occupied for 

some purpose. Animals may use various components of their 

habitat for different activities (e.g., foraging, bedding, 

traveling). Interpreting the importance of an area used 

requires knowledge of what it was used for, whether other 



areas are suitable for that use, and how important the 

activity is for the animal's survival. 

72 

Arizona is the southwestern extent of elk range in 

North America. Elk habitat is not well described in 

Arizona. Severson and Medina's (1983) review of elk and 

deer management in the Southwest relates information from 

studies done in the northern Rockies and the Pacific 

Northwest. Elk habitat in Arizona has been described in 

relation to forest cover by analyzing pellet group 

distributions (Reynolds 1962, 1966~, Q, 1969; Patton 1974, 

1976). McIntosh and Krausman (1982) and Wallace and 

Krausman (1987) described summer elk habitat use in 

relation to cattle stocking, and DelGuidice and Rodiek 

(1984) evaluated elk distribution in relation to available 

water in Arizona. Thill (1981) and Kramer (1983) modeled 

elk habitat quality in the White Mountains, Arizona based 

on elk-habitat relationships derived in the Pacific 

Northwest (Thomas et ale 1979). Elk diets in the Southwest 

have been scantily documented (Rowland et al.1983, Wallace 

1984) • 

My objectives were to use direct observation of 

radio-collared elk, in concert with analyses of vegetative 

associations where I observed radio-collared elk, to decide 

if elk select specific associations for foraging, bedding, 

and traveling. Specifically, I tried to describe seasonal 
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changes in vegetative associations used and to determine if 

seasonal use was independent of sex classes. I also 

describe seasonal elk diets in the White Mountains, 

Arizona. 

METHODS 

Elk were captured on the reservation from October 

1983 through July 1984 using a modified Clover trap (Clay 

et al. 1980). Captured elk were fitted with standard radio 

collars (MOD-500) with mortality sensors (model HP) 

(Telonics, Inc., Mesa, Ariz.) (wt = 255 g). Color coded 

collars and numbered ear tags were attached to captured elk 

to help identify individuals in the field. Radio-collared 

elk were relocated ~2 X/month from a Maule (Model E-5) 

aircraft using equipment and techniques described by 

Krausman et al. (1984). 

Ground observations of each radio-collared elk were 

made ~2 times every 30-45 days. I located a subject elk 

before 1200 and tracked it until dark to observe behavior 

and habitat use. I relocated the same elk before sunrise 

the following day and tracked it until noon. The subject 

elk was considered a focal animal (Altmann 1974) for 

continuous sampling. I recorded incidental contacts made 

with other elk but only followed the subject elk 
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continuously. When the subject eluded me I relocated it by 

radio-telemetry. If the observers presence disturbed the 

subject elk it was not relocated for ~30 minutes. Analyses 

were based upon time elk spent in observation sites within 

vegetative types. An observation site consisted of ~1 elk 

occupying a vegetation of apparently homogenous composition 

and structure. New observation sites were recorded when 

the subject elk moved to a vegetative stand belonging to a 

different association or structural condition (Leckenby and 

Adams 1981). 

I recorded the subject elk's behavior (forage, bed, 

travel), location, elk group size and composition, weather 

conditions, time of day, time spent in activity or 

vegetative type, at each observation site. I classified 

observation sites to vegetation association after Brown 

(1982). Additional habitat measurements were made only 

after the subject elk vacated the site. I marked 

observation sites and revisited them after each daily 

tracking period, or as soon as conditions permitted, to 

record other habitat measurements. 

At each observation site I recorded the slope, 

slope position, and aspect. Elevation (ELEV), distances to 

known water (DISTH20), and large meadows (DISTMEAD), 

distance to nearest road (DISTRD), intensity of road use 

(ROADCLAS), and road density (Jan road/km2 ) (ROADENS) was 
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recorded from on site measurements and topographical maps. 

I determined dominant overstory and understory species by 

ocular estimation. I estimated overstory canopy cover 

(CANCO) with a spherical densiometer (Strickler 1959) and 

basal area (BASAL) with a (factor 10) wedge prism (Avery 

1975). I further characterized overstory by estimating the 

number and height of canopy layers (HT1 = ht of dominant 

canopy, HT2 = ht of secondary canopy), and averaging the 

diameter at breast height (dbh) (Avery 1975) of 3 trees 

measured for each height class (DB1 = mean dbh of HT1 

trees, DB2 = mean dbh of HT2 trees). I made an ocular 

estimate of distance to hiding cover (DISTHIDE), defined as 

vegetation or topography capable of hiding 90% of a 

standing adult elk from human view (Thomas et ale 1979), on 

each observation site. Estimates of DISTHIDE were 

calibrated for available habitats 2X/year using an elk 

sized sheet (1.8m X 2.4m) as a cover board (Nudds 1977). 

Specific vegetative associations that elk were 

observed in were classified (APPENDIX D) to correspond to 

Brown's (1982) biotic communities. The Rocky Mountain 

subalpine conifer forest was dominated by Engleman spruce 

(400 series classification). Aspen dominated sites, co

dominants in Rocky Mountain subalpine and Rocky Mountain 

and Madrean conifer forests, were classified as 300 series. 



76 
stands in mixed conifer (200 series) and ponderosa (100 

series) forests had aspen (110 or 210-216), Douglas fir 

(120 or 220-226), spruce (130 or 230-236), or white pine 

(140 or 240-246) codominants. The last digit in the clas

sification indicates whether the stand structure consisted 

of old growth (0), previously cut commercial size (1), 

young (2), pole (3), regenerating thickets (4), regenerat

ing burns (5), or clear cuts (6). The same classification 

scheme was used in 100, 200, 300, 400 series stands. Great 

Basin conifer woodland (600) and madre an evergreen woodland 

(610) types dominated winter ranges and were not classified 

by structure. Large cienegas in montane meadow grassland 

(500), smaller alpine and subalpine grasslands (501), and 

extensive or artificially extended plains and Great Basin 

grasslands (502) were interspersed throughout the other 

types. 

Thomas and Taylor (1990) suggest that Chi-square 

goodness-of-fit tests are inappropriate unless availability 

is estimated with ~99% confidence. I located random points 

(n = 2,218) throughout the study area. This was adequate 

to estimate within 3% of the true availability with 99% 

confidence (Thompson 1987) as recommended by Thomas and 

Taylor (1990). visited random points and estimated 

percentage habitat availability (Marcum and Loftsgaarden 

1980) by repeating the measurements defined above. 
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I examined nominal scale data (e.g., vegetative 

association, behavior, season, sex) with log-linear 

modeling to investigate the significance of higher order 

interaction terms. Significant (partial x2 , E ~ 0.05) 3-

way or higher interactions were examined using graphical 

analysis (Neter et al. 1985:805-10). significant 2-way 

interactions were examined using contingency tables. 

Multivariate relationships of ratio scale data were 

explored with step-wise discriminant function analysis. 

Variables were selected by maximizing Mahalanobis' distance 

and using a criteria of an ~-to enter ~0.05. A jackknife 

routine randomly selected 50% of the data to develop the 

model and used the rest to estimate true classification 

rates of the model. I chose ecologically meaningful 

variables reported as important habitat components for elk 

(Thomas et al. 1979, Severson and Medina 1983), and further 

controlled spurious relationships (Rexstad et al. 1988) by 

transforming non-normally distributed data and removing 

highly correlated (~ ~ 0.60) variables. I used univariate 

comparison$ to test significance of variables included in 

the discriminant model. 

I compared use to availability by calculating the 

mean percent of observations in each vegetative type from 

20 randomly generated subsamples (50% each) of the 
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observations recorded for each individual elk for 

comparison to availability. I took random sub-samples to 

avoid statistical dependence resulting from the short time 

interval between consecutive observations of subject elk 

(Sussman et ale 1979, Jacobsen and Wiggins 1982). 

Individual elk were treated as replicated samples for 

goodness-of-fit tests (Sokal and Rohlf 1981). Individual 

elk presumably integrate their perceptions of resources 

dynamically and respond as availability changes in response 

to environmental conditions and population density. Though 

ideal free distributions (Hobbs and Hanley 1990) may seldom 

exist, if individuals movements are not restricted, 

individuals should still provide the best approximation of 

preferences. Sampling individual responses, rather than 

using indirect measures of density (e.g., no. 

observations/unit area surveyed, or relative pellet group 

densities), reduces the problems (VanHorne 1983, Hobbs and 

Hanley 1990) associated with indexing habitat quality by 

animal density. 

I used contingency table analyses to test the null 

hypothesis that elk used habitat components in proportion 

to their availability. I used Bonferroni simultaneous 

confidence intervals to determine whether percentage use of 

each component was significantly (£ ~ 0.05) greater or less 

than its percentage availability (Neu et ale 1974, Byers et 
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ale 1984). I used replicated goodness-of-fit tests (Sakal 

and Rohlf 1981) to compare elk use and availability of 

vegetative associations by seasons over years. I used the 

procedures in the statistical Package for the Social 

Sciences (SPSS) (Nie et ale 1975) to perform the analyses. 

All statistical tests were evaluated at the 0.05 

significance level unless otherwise stated. 

Diets of adult male, adult female, and calf elk in 

the White Mountains were determined from pellets collected 

during each season in 1984-85. I collected reference 

plants (APPENDIX B) for fecal analyses in 1984-85 in 

conjunction with elk observations and elk pellet 

collections. I collected up to 20 pellets immediately 

after deposition from elk observed defecating so that sex, 

age, and location could be accurately recorded. Samples 

were not taken if collection would disturb the animals or 

if pellet groups could not be ascribed to an individual 

elk. I stored collected pellets in 70% alcohol until they 

were analyzed at the Forage Analysis Laboratory, University 

of Arizona. Additionally, samples of 7-20 pellets each 

were taken from fresh pellet groups found on 6 separate 

winter ranges in 1984-85. 

Randomly composited sample of 3-37 pellets, 

depending upon the total collected, were prepared (Sparks 
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and Malechek 1968) so 20 slides/sex or age class/season 

were made. One randomly selected slide/composite was 

analyzed, and 20 randomly selected microscopic fields/slide 

were sampled (60 fields/season). Fields were sampled if 

they contained ~7-10 identifiable particles. This was 

achieved by blending fecal material until particle sizes 

were consistent and evenly distributed within the medium. 

Holochek and Vavra (1981) found that major forage species 

can be accurately determined using 1 slide. I converted 

frequencies for each forage species to density following 

Sparks and Malechek (1968), and Hansen and Flinders (1969). 

RESULTS 

I recorded elk behavior, group size, weather, and 

habitat measurements for 4,379 sites where elk were 

observed between June 1984 and June 1986. I examined 

distances at which I observed elk in relation to vegetative 

types to evaluate potential biases in the direct 

observation method used to gather behavior and habitat use 

data. Observation distance was affected by vegetative type 

(E = 12.29: 5;3,329 df; g< 0.001). I saw elk at greater 

distances (P< 0.05) in meadows (MEAD) (X = 192.66m, SE = 

10.73) and spruce (PIEN) (X = 157.51m, SE = 9.73) (includes 

large spruce clear cuts) than in ponderosa (PIPO) (X = 

95.87m, SE = 8.93), mixed conifer (MIXD) (X = 57.21m, SE = 



4.56), aspen (POTR) (Z = 53.19m, SE = 2.64), or pinyon

juniper types (P-J) (Z = 86.54m, SE = 3.58). However, 

distances at which the observer flushed elk were not 

different (~ = 1.47: 5;1,022 df: £ = 0.201) between 

vegetative types (Z = 58. 35m, SE = 12.80). 

Ellc Behavior 
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The percent of time elk were observed foraging, 

bedded, or traveling varied widely between individuals and 

days. However, by averging forage time across individuals 

over a season (Fig. 8, a-b), bimodal foraging peaks in the 

crepuscular hours were apparent. Time bedded was nearly 

reciprocal to foraging; time traveling remained nearly 

constant (Fig. 9 a-d). Observed foraging, bedding, and 

traveling time varied between seasons (£ ~ 0.004) and sexes 

(£ ~ 0.039) (Table 12). The duration of observed elk 

foraging, bedding, and traveling periods also varied 

between seasons. 

(£ ~ 0.092) but only traveling time differed between sexes 

(£ = 0.041) (Table 13). Season X sex interactions were not 

significant (£ ~ 0.05) in any case. 

Group size differed between seasons (~ = 3.86: 

3;4,351 df: £ = 0.009) with spring groups (Z = 3.99, SE = 

0.09) smaller (£ < 0.05) than the other seasons (Z = 5.47, 
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Figure 8. Percent of time males (a) and females (b) were 

observed foraging during the day in spring (dots), summer 
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(diamonds), fall (stars), and winter (squares) in the White 

Mountains, Arizona, 1984-1986. 
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Figure 9. Percent of time males (left) and females (right) 

spent foraging (dashed line), bedded (solid line), and 

traveling (stars). Data are for spring (a,a'), summer 

(b,b'), fall (c,c'), and winter (d,d'), in the White 

Mountains, Arizona, 1984-1986. 
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Table 12. Analysis of variance for mean foraging, bedding, 

or traveling time elk spent in the White Mountains, 

Arizona 1984-86. 

Behavior 

Source df SS MS .E 1: 

Forage 

Season 3 4,339.94 1,446.65 5.159 0.002 

Sex 1 1,402.33 1,402.33 5.001 0.026 

Season X Sex 3 184.60 61. 49 0.219 0.883 

Error 227 63,653.98 280.41 

Bed 

Season 3 4,201.93 1,400.64 4.598 0.004 

Sex 1 1,317.48 1,317.48 4.325 0.039 

Season X Sex 3 191. 09 63.70 0.209 0.890 

Error 176 53,613.12 304.62 

Travel 

Season 3 4,727.54 1,575.85 4.760 0.003 

Sex 1 1,556.98 1,556.98 4.703 0.031 

Season X Sex 3 483.08 161.03 0.468 0.692 

Error 263 87,068.78 331.06 
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Table 13. Analysis of variance for mean duration of each 

foraging, bedding, and traveling observation for elk in 

the White Mountains, Arizona, 1984-86. 

Behavior 

Source df SS MS .E £ 

Forage 

Season 3 1,608.96 536.32 2.659 0.047 

Sex 1 147.79 147.79 0.733 0.392 

Season X Sex 3 1,430.46 476.82 0.236 0.871 

Error 1,190 240,023.00 201. 70 

Bed 

Season 3 969.56 323.19 2.153 0.092 

Sex 1 96.88 96.88 0.645 0.422 

Season X Sex 3 175.13 58.38 0.389 0.761 

Error 927 139,151. 97 50.11 

Travel 

Season 3 1,647.73 549.24 2.837 0.037 

Sex 1 810.22 810.22 4.185 0.041 

Season X Sex 3 428.98 142.99 0.739 0.529 

Error 1,202 232,707.20 193.6 
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SE = 0.07). Group size declined in spring as elk moved to 

summer ranges that were less restricted than winter ranges 

and females left groups to calve. Group size increased in 

summer with the formation of nursery (cow and calf) groups. 

Fall group size was influenced by harem formation and 

winter groups by patchy foraging areas. 

Group composition was affected by season (E = 3.86, 

3;2,853 df, E = 0.009) and sex (E = 4.31, 1;2,853, E = 

0.038). Fall groups were smaller (Z = 3.99 SE = 0.23) than 

other seasons (Z = 5.22, SE = 0.18). Adult males and 

females segregated into separate groups (groups with ~5% 

adult members of the opposite sex) in all seasons. Adult 

males occurred most frequently in female groups in fall 

(37.6% of groups). I saw yearling females almost 

exclusively in female groups, and yearling males were with 

male groups more than female groups in fall and winter (E < 

0.05). Calves were rarely sexed during observation 

periods. But, calves were almost never seen with adult 

male groups. 

Vegetative Association Use 

Based on log linear analyses of vegetative type use 

X behavior X season X sex, I concluded that 3-way and 

higher interaction effects were not significant (X2 = 

98.73, 91 df, E = 0.272). The 2-way sex X season (X2 = 
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2.08, 3 df, £ = 0.556), sex X behavior (X2 = 1.596, 2 df, E 

= 0.450), and season X behavior (X2 = 8.24, 6 df, E = 

0.221) interactions also were not significant. Observation 

sites for males and females were proportionally divided 

between seasons and my observations of foraging, bedding, 

and traveling were proportionally distributed between sexes 

and seasons. 

The percent of elk observations recorded in each 

vegetative type was related to sex, season, and behavior (E 

5 0.004) (Table 14). I saw males more frequently in PIEN 

and POTR types than females. Females used MIXD, PIPO, and 

MEAD types more than males. High use in P-J and MEAD and 

lack of use in PIEN, in spring: high use of PI EN 

and low P-J use, in summer: and, high use in P-J and PIPO 

and low use of other types, in winter were the important 

components of the season X vegetative type relationship. 

The behavior X vegetative type relationship was most 

influenced by foraging in MEAD, bedding in PIPO, and 

traveling in MIXD (avoiding MEAD) types. 

Elevation alone discriminated between sexes in all 

seasons except fall (66.38%, 77.48%, and 74.10% of cases 

correctly classified for spring, summer, and winter, 

respectively: £ < 0.001). Males (Z = 1,987.87m, SE = 

28.31) were observed at lower elevations (t = -9.545; 1,082 



Table 14. Relationships of percent elk observation sites to vegetation types by sex, 

season, and behavior in the white Mountains, Arizona, 1984-86. 

sexa seasonb Behaviorc 

vegetation 
~d association M E Su Fa wi Forage Bed Travel 

PIPO e 24.7 39.9 26.7 28.5 40.3 59.0 27.1 39.0 29.5 

MIXD 6.8 19.5 4.3 21.4 20.1 1.4 22.6 11.9 28.1 

POTR 11. 8 6.9 14.0 11. 7 12.8 0.0 11.1 11.9 12.9 

PIEN 39.2 3.5 0.0 22.5 14.8 0.0 5.0 10.2 10.8 

MEAD 7.2 18.4 28.4 15.9 8.7 7.2 29.6 22.0 10.8 

P-J 10.3 11.8 26.5 0.0 3.4 32.4 4.5 5.1 7.9 

a Difference in associations used by sexes (X2 = 211. 26, 5 df, £ < 0.001). 

b Difference in associations used by seasons (X2 = 383.77, 15 df, £ < 0.001). 

c Difference in associations used by behavior (X2 = 26.io, 10 df, £ = 0.004). 

d Sp = Mar-May, Su = Jun-Aug, Fa = Sep-Nov, wi = Dec-Feb. 

e PIPO = ponderosa pine, MIXD = mixed conifers, POTR = aspen, PIEN = spruce, 

MEAD = open meadows, P-J = pinyon-juniper. 

ex> 
Co 
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df, £ < 0.001) than females (X = 2,348.12m, SE = 25.08) in 

spring, and were higher (X = 3,053.16m, SE = 85.38) than 

females (X = 2,542.83m, SE = 11.64) in summer (t = 6.270; 

1,280 df, £ < 0.001) (Table 15). 

Univariate analyses showed that use of elevations 

did not differ in fall (X = 2,549.89m, SE = 63.65; and X = 

2,549.87m, SE = 21.32, for males and females, 

respectively) (£ = 0.998) or in winter (X = 2,254.8m, SE = 

41.53; and & = 2,175.7m, SE = 13.71, for males and females 

respectively) (£ = 0.051). Male observation sites were 

discriminated from female sites in fall (£ < 0.001, 71.84% 

correctly classified) by SLOPPOS, CANCO, BASAL, and 

DISTHIDE. Males were in brushy (high BASAL, short 

DISTHIDE) bottoms (low SLOPPOS) and open cienegas (low 

CANCO) while females were more often on forested (high 

CANCO) mid to upper slopes (high SLOPPOS). Males (X = 

50.80 ± 3.11 m) were closer to hiding cover than females (X 
= 63.67 ± 4.10 m) (t = -2.195, 829 df, £ = 0.0284) and were 

found in denser forest stands than females (BASAL X = 20.09 

± 1.08 m2jha and X = 11.35 ± 0.88 m2jha, for males and 

females, respectively) (t = 6.172, 829 df, £ < 0.001). 

other variables, while useful to discriminate between male 

and female sites did not differ siginificantly (£ > 0.05) 

when tested univariately. 

In winter, DISTHIDE, SLOPPOS, BASAL, and ELEV 



Table 15. structural habitat components describing 

seasonal male and female elk habitats in the White 

Mountains, Arizona, 1984-86. 

Habitat 

component 

No. observations 

Elevation (m) 1,987.87 

Basal area (m2/ha) 7.32 

Canopy coverage (%) 40.62 

Slope (%) 8.8 

Aspect (0) 183.84 

Height overstory (m) 23.59 

DBH overstory (cm) 32.26 

Height understory (m) 5.47 

DBH understory (cm) 13.28 

Hiding cover (m) 49.81 

Adjacent type (m) 82.81 

Distance to road (m) 750.63 

Distance to water em) 336.20 

No. observations 

Elevation (m) 3,053.16 

M 

Spring 

488 

28.31 

2.44 

3.88 

1.3 

20.09 

5.84 

8.95 

1. 73 

4.67 

2.91 

16.28 

69.27 

27.24 

2,348.12 

7.49 

25.48 

3.9 

241. 39 

17.32 

23.25 

5.92 

12.25 

95.87 

66.58 

333.08 

312.56 

Summer 

603 

85.38 2,542.83 

F 

SE 

596 

25.08 

1. 36 

2.89 

0.7 

14.47 

2.56 

8.72 

1. 63 

5.56 

11. 81 

8.84 

46.02 

10.38 

679 

11.64 

90 
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Table 15 (continued) 

Habitat 

component Summer 

M F 

Z SE Z SE 

Basal area (m2/ha) 24.89 1.05 23.93 0.77 

Canopy coverage (%) 68.94 8.26 59.70 . 7.84 

Slope (%) 9.94 2.64 8.16 0.44 

Aspect (0) 233.05 6.99 199.38 6.54 

Height overstory (m) 34.4 2.6 27.4 2.4 

DBH overs tory (cm) 77.26 12.28 72.54 17.73 

Height understory (m) 15.2 7.9 13.6 2.9 

DBH understory (cm) 31.16 12.19 24.68 13.65 

Hiding cover (m) 73.19 3.43 68.97 3.39 

Adjacent type (m) 146.60 19.32 92.91 7.85 

Distance to road (m) 275.04 18.55 268.73 19.16 

Distance to water (m) 314.83 19.07 272.50 9.64 

Fall 

No. observations 307 524 

Elevation (m) 2,549.89 63.65 2,549.87 21. 32 

Basal area (m2/ha) 20.09 1. 08 11. 35 0.88 

Canopy coverage (%) 56.84 2.44 60.42 3.19 

Slope (%) 9.7 0.8 1.1 0.9 

Aspect (0) 218.56 13.44 211.92 12.53 



Table 15 (continued) 

Habitat 

component 

Z 

Height overstory (m) 36.9 

DBH overstory (cm) 72.28 

Height understory (m) 8.25 

DBH understory (cm) 16.22 

Hiding cover (m) 50.80 

Adjacent type (m) 76.51 

Distance to road (m) 399.48 

Distance to water (m) 334.21 

M 

No. Observations 

Elevation (m) 

521 

Basal area (m2/ha) 

Canopy coverage (%) 

2,254.80 

12.53 

62.51 

Slope (%) 13.6 

Aspect (0) 214.42 

Height overstory (m) 21.83 

DBH overstory (cm) 41.26 

Height understory (m) 8.3 

DBH understory (cm) 15.31 

Fall 

SE 

3.9 

12.53 

1. 51 

9.89 

3.11 

14.34 

40.32 

24.97 

winter 

41. 53 

2.75 

6.13 

2.0 

27.15 

9.47 

12.24 

2.9 

6.63 

Z 

37.6 

88.99 

6.58 

15.88 

63.67 

110.57 

284.74 

310.24 

F 

632 

2,175.70 

10.66 

56.23 

5.3 

212.94 

18.35 

35.45 

7.1 

12.35 

SE 

2.6 

18.34 

1.15 

8.62 

4.10 

20.22 

51. 84 

22.61 

13.71 

0.71 

92 

1. 62 

0.7 

8.74 

3.88 

11. 21 

1.3 

11. 20 
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Table 15 (continued) 

Habitat 

component winter 

M F 

Z SE Z SE 

Hiding cover (m) 43.02 3.71 54.76 2.86 

Adjacent type (m) 380.08 152.45 134.35 13.19 

Distance to road (m) 482.42 164.29 323.42 33.98 

Distance to water (m) 609.25 156.73 384.14 13.68 
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discriminated (£ < 0.001, 87.1% correctly classified) male 

and female observation sites. Males were closer to hiding 

cover and on mid to upper SLOPPOS, (X = 43.02 ± 3.71 m) at 

higher ELEV (Z = 2,254.80 ± 41.53 m) while females were 

farther from hiding cover (Z = 54.76 ± 2.86 m) (t = -2.546; 

1,151 df, £ = 0.0110) on flats (low SLOPPOS) at lower ELEV 

(Z = 2,175.70 ± 13.71 m) (t = 1.948; 1,151 df, £ = 0.0517). 

Variables discriminating between habitats used for 

different behaviors (Table 16) had ~65.3% correct 

classification rate (Z = 45.03 ± 4.16). In early spring, 

elk foraged on moderately steep slopes, but moved to open 

cienegas (low SLOPE, BASAL, CANCO, and farther DISTADJ) by 

mid-spring. Spring bed sites were in open mature stands 

(low BASAL, high CANCO) close to open cienegas (short 

DISTADJ, low SLOPE). Traveling, in spring, was most often 

in dense stands on slopes (high BASAL, moderate CANCO, high 

SLOPE, greater DISTADJ). However, only BASAL (K = 9.93, 

2;1,060 df, £ < 0.001), and CANCO (K = 8.63, 2;1,060 df, E 

= 0.001) differed significantly between spring forage, bed, 

and travel sites. 

Summer forage sites were on mid-successional 

forested slopes and small forest openings (mid to high 

SLOPE, moderate BASAL, CAN CO , and DISTHIDE). Bed sites 

were in dense slightly sloped forest stands (low SLOPE, 
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Table 16. structural habitat components describing 

seasonal elk habitats used by males and females to forage, 

bed, or travel in the White Mountains, Arizona, 1984-86. 

Habitat 
component 

Elevation (m) 

Forage 

Spring 

Bed Travel 

M 1,889.76 24.38 1,926.34 26.83 2,189.63 48.62 

F 2,344.00 36.78 2,335.24 68.16 2,308.21 79.92 

Basal area (m2/ha) 

M 9.18 4.59 

F 3.92 1. 52 

Canopy coverage (%) 

M 

F 

Slope (%) 

M 

F 

Aspect (0) 

M 

F 

30.59 36.01 

10.98 3.66 

12.5 7.5 

3.0 0.9 

180.0 135.0 

200.2 23.1 

25.25 2.31 36.16 9.76 

13.37 3.54 14.76 7.28 

79.44 18.72 87.07 9.43 

68.04 8.76 58.61 15.31 

10.0 12.2 19.5 5.5" 

2.3 0.4 16.8 3.7 

45.0 58.2 166.5 106.4 

247.6 69.7 211. 0 64.7 
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Table 16. (continued) 
Bl2ring 

Habitat 
coml2onent Forage Bed Travel 

~ BE ~ BE ~ BE 

Height overstory canopy (m) 

M 32.5 7.5 40.0 6.5 37.5 9.5 

F 42.4 3.7 31. 5 5.9 27.1 11.4 

Diameter at breast height of overs tory (cm) 

M 45.08 9.51 58.64 3.05 80.32 3.56 

F 83.45 11. 52 69.65 12.54 65.59 9.06 

Height of understory canopy (m) 

M 7.2 2.2 17.2 8.9 21.7 6.5 

F 3.2 1.4 20.7 7.1 8.5 8.5 

Diameter at breast height of understory (cm) 

M 9.10 1. 24 28.23 5.67 34.21 9.38 

F 8.13 1. 46 45.31 27.78 17.48 6.40 

Distance to hiding cover (m) 

M 68.50 22.50 55.00 21. 33 35.50 4.05 

F 127.59 24.34 64.38 7.86 119.00 58.86 

Distance to adjacent vegetative type (m) 

M 41. 00 13.99 27.00 21. 26 163.50 128.73 

F 67.21 17.97 43.77 23.75 37.29 11. 50 

Distance to road (m) 

M 674.50 125.50 402.00133.60 41. 25 10.52 
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Table 16 (continued) 

SQring 
Habitat 
comQonent Forage Bed Travel 

& SE & SE & SE 

F 486.23 91.44 233.23 54.64 417.86 221. 55 

Distance to water (m) 

M 291. 00 14.02 277.00 22.63 376.00 143.84 

F 317.21 17.97 293.77 23.74 287.29 11. 49 

Summer 
Habitat 
comQonent Forage Bed Travel 

X SE X SE X SE 

Elevation (m) 

M 2,849.33 54.64 3,062.48114.20 2,930.27 151. 83 

F 2,519.27 18.54 2,589.33 37.47 2,621.28 82.61 

Basal area (m2/ha) 

M 16.90 2.16 32.43 5.61 39.49 7.24 

F 15.52 1. 52 17.97 3.07 22.60 4.88 

Canopy cove~age (%) 

M 49.42 6.06 82.97 3.85 74.00 13.90 

F 43.03 3.80 86.64 6.73 47.08 11. 35 

Slope (%) 

M 10.9 1.6 10.6 2.7 19.8 5.1 

F 9.2 0.9 3.7 1.5 18.5 1.6 
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Table 16 (continued) 

Summer 
Habitat 
component Forage Bed Travel 

.& SE X SE .& SE 

Aspect (0) 

M 210.9 20.9 249.0 33.5 227.2 46.9 

F 177.4 13.1 163.3 20.8 232.2 33.5 

Height overstory canopy (m) 

M 26.9 5.0 33.1 6.9 42.0 7.2 

F 25.4 3.0 29.4 4.3 36.2 6.5 

Diameter at breast height of overstory (cm) 

M 67.10 18.12 78.20 18.28 70.64 18.31 

F 74.06 14.64 76.42 6.90 54.54 10.16 

Height of understory canopy (m) 

M 6.2 2.8 14.7 6.9 26.1 17.8 

F 6.9 0.8 16.1 2.3 13.5 12.4 

Diameter at breast height of understory (cm) 

M 10.69 1. 53 23.78 7.27 42.40 19.10 

F 14.47 1. 33 41. 03 2.69 22.85 12.19 

Distance to hiding cover (m) 

M 67.93 15.05 55.38 4.64 41. 20 7.71 

F 62.81 5.07 51. 52 7.16 45.77 7.04 
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Table 16 (continued) 
Summer 

Habitat 
component Forage Bed Travel 

-'1 SE X SE ~ SE 

Distance to adjacent vegetative type (m) 

M 108.69 33.39 145.00 16.16 87.60 22.69 

F 85.78 14.87 88.59 29.78 95.23 23.94 

Distance to road (m) 

M 270.21 45.27 207.38 41.19 525.60 239.79 

F 288.54 3.49 278.76 61.67 193.38 38.91 

Distance to water (m) 

M 308.69 31.19 313.75 15.52 297.60 24.22 

F 309.20 15.87 302.92 27.93 393.91 52.07 

Fall 
Habitat 
component Forage Bed Travel 

.& SE X SE ~ SE 

Elevation (m) 

M 2,459.74 200.08 2,457.37 72.29 2,060.45 12.19 

F 2,632.82 37.90 2,559.38 52.99 2,450.59 163.31 

Basal area (m2/ha) 

M 13.77 4.59 18.21 7.22 12.05 4.02 

F 11.87 1. 47 17.22 5.35 10.56 4.33 
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Table 16 (continued) 
Fall 

Habitat 
component Forage Bed Travel 

~ SE ~ SE ~ SE 

Canopy coverage (%) 

M 47.65 14.84 78.26 8.62 44.88 9.62 

F 46.89 4.70 87.76 6.32 47.64 13.07 

Slope (%) 

M 11. 0 4.9 15.0 7.0 19.7 4.6 

F 9.8 1.3 13.6 4.0 18.5 2.2 

Aspect (0) 

M 202.7 13.0 200.9 93.3 180.5 157.5 

F 207.2 23.9 202.8 80.5 274.8 42.3 

Height of overstory canopy (m) 

M 31.7 10.9 45.2 6.3 45.9 5.0 

F 37.7 2.6 42.5 4.8 46.2 8.7 

Diameter at breast height of overstory (cm) 

M 74.22 8.55 98.73 9.52 97.61 11. 22 

F 87.64 7.39 87.27 8.88 101.15 14.45 

Height of understory canopy (m) 

M 7.1 1.3 7.7 2.1 10.8 6.8 

F 6.9 1.6 8.9 1.9 13.7 8.4 
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Fall 
Habitat 
component Forage Bed Travel 

~ BE ~ BE X BE 

Diameter at breast height of understory (cm) 

M 14.33 2.56 13.97 5.51 21. 38 11.99 

F 13.76 5.33 16.42 7.53 32.26 12.29 

Distance to hiding cover (m) 

M 32.00 8.08 35.88 4.45 55.00 9.00 

F 42.34 1. 85 37.75 4.03 34.60 3.83 

Distance to adjacent vegetative type (m) 

M 36.67 2.60 34.75 10.32 32.00 14.21 

F 175.34 49.55 36.50 9.35 28.40 3.79 

Distance to road (m) 

M 91. 33 79.85 189.99 98.54 110.00 73.22 

F 68.757.21 200.08 78.74 1421.80 727.97 

Distance to water (m) 

M 236.67 52.35 258.99 19.76 282.35 140.50 

F 393.91 52.07 286.50 9.35 278.40 3.80 

winter 

Habitat 
component Forage Bed Travel 

X BE X BE ~ BE 

Elevation (m) 

M 2,308.86 98.53 2,200.66 57.37 2,268.55 58.63 
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Table 16 (continued) 
winter 

Habitat 
component Forage Bed Tra.vel 

~ SE X SE X SE 

F 2,172.99 41. 82 2,176.27 64.22 2,200.66 52.62 

Basal area (m2 jha) 

M 11.19 7.33 16.07 3.65 14.99 2.25 

F 9.80 3.66 6.12 2.76 15.50 1.10 

Canopy coverage (%) 

M 20.98 15.93 80.34 16.58 55.80 14.53 

F 31. 02 8.40 84.81 12.98 53.40 11.64 

Slope (%) 

M 12.0 4.7 9.0 2.2 18.5 6.6 

F 15.3 3.0 16.0 1.7 16.8 5.7 

Aspect (0) 

M 162.5 10.1 100.0 47.7 298.7 58.9 

F 192.4 43.3 98.756.6 292.5 43.1 

Height of overs tory canopy (m) 

M 13.8 8.9 30.2 5.6 19.2 7.8 

F 16.9 6.2 26.7 4.4 15.1 5.4 

Diameter at breast height of overstory (cm) 

M 28.63 9.77 73.35 12.22 46.85 16.34 

F 31.16 7.98 70.12 10.21 41. 73 11. 98 
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Table 16 (continued) 
winter 

Habitat 
component Forage Bed Travel 

X SE X SE X SE 

Height of understory canopy (m) 

M 1.7 1.1 6.8 1.2 .7.2 3.3 

F 2.0 1.3 7.6 2.1 7.1 3.9 

Diameter at breast heigh of understory (cm) 

M 5.08 2.22 14.68 3.65 12.98 5.54 

F 5.11 3.47 15.39 6.61 11. 21 8.83 

Distance to hiding cover (m) 

M 45.50 7.28 37.00 3.63 45.99 10.66 

F 54.85 8.37 42.00 2.89 44.75 8.97 

Distance to adjacent vegetative type (m) 

M 529.50 313.14 429.55 292.37 99.57 68.77 

F 146.54 61. 49 369.00 182.16 87.08 32.20 

Distance to road (m) 

M 839.25 317.88 640. 12 454.52 226.82 148.56 

F 532.02 202.21 806.10 436.82 146.50 48.89 

Distance to water (m) 

M 779.50 313.14 1027.05299.84 560.25 98.64 

F 396.54 61. 49 619.05 182.15 337.56 32.20 
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moderate ASPECT, HT1, high CANCO, and short DISTHIDE). Elk 

traveled on more open west facing slopes (high ASPECT, 

SLOPE, BASAL, HT1, moderate CANCO, DISTHIDE). Only BASAL 

(E = 5.49, 2;1,620 df, £ = 0.005) differed significantly 

between types of activity sites. 

In fall, elk foraged on forested ridges (low SLOPE, 

DISTRD, higher ELEV than other activities), bedded and 

traveled on mid slopes (moderate SLOPE, ELEV, high DISTRD) . 

Only ELEV (E = 4.00, 2;1,246 df, £ = 0.018), and DISTRD (E 

= 5.13, 2;1,246 df, £ = 0.006) changed significantly 

between observed forage, bed, and travel sites. 

winter elk forage sites were on forested east 

slopes or in large openings (low to moderate ASPECT, CANCO, 

moderate to high SLOPPOS). Bed sites were usually at the 

foot of east and northeast slopes (low ASPECT, SLOPPOS) 

often under the only ponderosa or large alligator juniper 

in the area. Travel sites were commonly on forested south-

west to north slopes (high ASPECT, SLOPPOS, CANCO, ELEV) 

above the bed and foraging areas. However, no discriminat-

ing variables changed significantly (£ ~ 0.05) between 

sites used for different activities. 

Seasonal selection for, or against, specific 

vegetative associations paralleled patterns defined by the 

structural parameters already described. I compared use to 

availability within the entire seasonal range in spring and 
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fall. I also compared (Johnson's [1980] third-order selec

tion) use of vegetative associations within individual's 

summer and winter home ranges. Vegetative associations 

selected for at the seasonal range level were frequently 

used in proportion to availability within the home range. 

spring vegetative associations (Table 17) selected 

by males were pinyon-juniper woodland (600), recently 

burned ponderosa (105), cut-over ponderosa with mixed 

conifers (121), large cienegas (500), and clear cuts in 

spruce (406). Females selected for mature ponderosa (100), 

recent burns in ponderosa (105), and large cienegas (500) 

and selected against cut-over ponderosa (101) and pinyon

juniper (600). Summer observations (Table 18) indicated 

that males selected for young ponderosa stands (112), 

mature aspen (300) and younger aspen (302) or aspen 

ponderosa (322) stands. Males used these associations even 

more than their availability within summer home ranges. 

Females used recent ponderosa burns (105), old growth mixed 

conifer (200) and older cut-over Douglas fir-aspen (211) 

stands in greater proportion than their availability in 

summer home ranges. My observations were curtailed during 

fall because of tribal restrictions on field work during 

the trophy elk hunts. Fall use (mostly after rut) (Table 

19) indicated males remained at high elevations selecting 
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Table 17. Vegetative associations selected in spring by 

male and female elk in the White Mountains, Arizona,1984-

1986. 

Spring 

Males 

Vegetative X % 95% % 
association obs;rvccf bl.:. available Selcctionb 

100 3.28 0.93 ~ E. ~ 5.63 4.84 

101 18.85 13.69 ~ E. ~ 24.01 22.58 

103 0.41 -0.43 ~ E. ~ 1.25 0.30 

105 3.07 0.80 ~ E. ~ 5.34 0.76 > 

112 1.23 -0.22 ~ E. ~ 2.68 0.68 

121 6.15 2.98 ~ E. ~ 9.32 2.70 

122 1.03 -0.30 ~ E. ~ 2.36 1.89 

242 1.23 -0.22 ~ E. ~ 2.68 0.56 

300 4.10 1.49 ~ E. ~ 6.71 2.49 

400 2.05 0.18 ~ E ~ 3.92 0.69 

406 3.89 1.34 ~ E ~ 6.44 0.09 > 

500 18.65 13.51 ~ E. ~ 23.79 9.21 > 

600 23.98 18.35 ~ E. ~ 29.61 15.42 > 

610 12.09 7.79 ~ E ~ 16.39 8.77 
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Table 17. (continued) 

Females 

Vegetative X X 95% X 
association obs~rveJl ~l:. avai lable selectionb 

100 26.34 21.08 ! E! 31.60 4.85 > 

101 14.77 10.54 ! E ! 19.00 22.58 < 

103 1.01 -0.18!E! 2.20 0.30 

105 6.71 3.72!E! 9.70 0.76 > 

106 1.68 0.15 ! E ! 3.21 0.68 

112 1.68 0.15 ! E ! 3.21 0.68 

121 2.18 0.44 ! E ! 3.92 2.70 

122 3.02 0.98 ! E ! 5.06 1.89 

210 1.85 0.24 ! E ! 3.46 0.26 

222 2.35 0.54 ! E ! 4.16 1.89 

300 3.69 1.44 ! E ! 5.94 2.49 

500 22.65 17.66 ~ E ~ 27.64 9.21 > 

600 6.88 3.86 ~ E ~ 9.90 15.42 < 

610 5.20 2.55 ~ E ~ 7.85 8.77 < 

a Mean observed use calculated from 20 sub-samples of 

488 observation sites of males and 596 observation sites 

of females, respectively. 

b Use compared to availability based on random points 

throughout the study area. Use> greater than, < less 

than, or blank = equal to availability. 
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Table 18. Vegetative associations selected in summer by 

male and female elk in the White Mountains, Arizona, 1984-

1986. 

Sunmer 

Males 

Vegetative Xx 95% % % 

association observ~ ~!.:. available HR selectionb 

100 8.96 4.87 ~ ~ ~ 13.05 1.50 10.53 >b c 

111 1.49 -0.24 ~ ~ ~ 3.22 1.03 2.15 

112 7.46 3.70 ~ ~ ~ 11.22 0.24 1.53 > > 

121 1.33 -0.31 ~ ~ ~ 2.97 4.20 2.76 < 

122 2.99 0.55 ~ ~ ~ 5.43 2.77 3.23 

200 8.62 4.60 ~ ~ ~ 12.64 0.32 10.92 > 

210 1.66 -0.17 ~ ~ ~ 3.49 0.48 4.39 < 

231 1.16 -0.37 ~ ~ ~ 2.69 0.24 2.76 < 

300 59.70 52.68 ~ ~ ~ 66.72 1.74 3.84 > > 

302 1.49 -0.24 ~ E ~ 3.22 1.04 1.68 

312 1.82 -0.09 ~ ~ ~ 3.73 0.84 1.10 

322 20.73 14.93 ~ ~ ~ 26.53 2.01 1.88 > > 

400 16.42 11.12 ~ ~ ~ 21.72 2.77 14.66 > 

406 11. 11 5.81 ~ ~ ~ 15.61 1.43 11.75 > 

422 2.32 0.17 ~ ~ ~ 4.47 1.74 5.99 < 

501 6.47 2.95 ~ ~ ~ 9.99 11.96 9.67 < 



109 

Table 18. (continued) 

Females 

association Observ~ £:.1.:. available IIR Selection 

101 22.68 16.23 ~ ~ ~ 29.13 23.75 17.52 

102 5.89 2.26 ~ ~ ~ 9.52 11.48 11.81 < < 

105 11.49 6.58 ~ ~ ~ 16.40 0.71 4.13 > > 

121 3.24 0.51 ~ ~ ~ 5.97 7.19 4.20 < 

200 8.40 4.13 ~ ~ ~ 12.67 0.95 0.79 > > 

211 5.60 2.06 ~ ~ ~ 9.14 1.30 1.48 > > 

220 2.50 0.10~~~ 4.90 6.57 1.08 < 

300 4.27 1.16::~~ 7.38 1.74 1.38 

322 2.36 0.02 ~ ~ ~ 4.70 2.01 4.53 

400 5.30 1.85 ~ ~ ~ 8.75 2.77 3.85 

406 3.68 0.78 ~ ~ ~ 6.58 1.43 5.59 

501 6.63 2.80 ~ ~ ~ 10.46 11.96 6.89 < 

a Mean observed use calculated from 20 sub-samples of 

603 male observation sites and 679 female observation 

sites, respectively. 

b Use compared to availability based on random points 

throughout the study area. Use> greater than, < less 

than, or blank = equal to availability. 

C Use compared to availability based on random points 

that fell within home ranges only (symbols as above). 
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old growth spruce (400) and spruce clear cuts (406). 

Females selected mature ponderosa (100), ponderosa burns 

(105) and mature aspen (300) stands more frequently than 

expected if use were proportional to availability. In 

winter (Table 20) males selected young ponderosa-mixed 

conifer (122), mature mixed conifer (200), aspen (300), 

Great Basin grassland (502), and madrean evergreen woodland 

(610) associations within their home ranges. Females 

selected for mature ponderosa (100), mixed conifer (200), 

aspen (300), mixed conifer pole stands (203), young aspen

mixed stands (322), madrea~ evergreen woodland (610), and 

great Basin grasslands (502) within their home ranges. 

Distance elk were observed from roads (DISTRD) was 

affected by road use, road class, and season. Significant 

season X road use interaction (E = 16.25, 8;5,718 df, £ < 

0.001) was due to elk spring use of cienegas making them 

visible at greater distances. Improved and unimproved dirt 

roads on the reservation and adjacent forest lands lead 

into nearly every cienega on the study. Elk were seen 

farther (E = 23.71, 3;5,718 df, £ < 0.001) from heavy (X = 

581.76 ± 5.62 m) and moderately (X = 419.48 ± 9.75 m) used 

roads than lightly and unused roads (X = 208.53 ± 8.20 m) 

in all seasons. Distance elk were observed from heavily 

used paved roads (X = 245.23 ± 8.81 m) was not different (£ 

~ 0.05) from lightly used trails and unimproved roads. 
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Table 19. Vegetative associations selected in fall by male 

and female elk in the White Mountains, Arizona, 1984-1986. 

Fall 

Males 

Vegetative X % 95% % 
association obs;rveJl £.:..h available Selectionb 

100 5.54 0.30 ~ e ~ 10.78 4.84 

101 2.93 -0.93 ~ e ~ 6.79 22.58 < 

102 16.61 8.09 ~ e ~ 25.13 18.03 

206 2.61 -0.72 ~ e ~ 5.94 0.09 

220 3.91 -0.53 ~ E ~ 8.35 5.57 

232 3.58 -0.68 ~ e ~ 7.84 9.94 < 

236 6.52 0.87 ~ E ~ 12.17 1. 71 

300 6.52 0.87 ~ e ~ 12.17 4.28 

400 23.45 13.75 ~ E ~ 33.15 0.73 > 

402 4.56 -0.22 ~ E ~ 9.34 1.24 

406 9.77 2.97 ~ E ~ 16.57 0.09 > 

501 2.93 -0.93 ~ e ~ 6.79 9.73 < 

600 11.08 3.89 ~ e ~ 18.27 16.20 
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Table 19. (continued) 

Females 

Vegetative X % 95% % 

association obs~rvecf ,!;.".!.:. available Selectionb 

100 18.75 13.78 ~ £ ~ 23.72 4.84 > 

101 3.82 1.38 ~ £ ~ 6.26 22.58 < 

102 6.68 3.50 ~ £ ~ 9.86 18.03 < 

105 8.21 4 • 72 ~ £ ~ 11. 70 0.64 > 

112 1.34 -0.12 ~ £ ~ 2.80 0.81 

200 25.00 19.49 ~ £ ~ 30.51 6.77 > 

206 3.05 0.86 ~ £ ~ 5.24 0.09 > 

220 2.29 0.39 ~ £ ~ 4.19 1.63 

221 3.82 1.38 ~ £ ~ 6.26 1.93 

232 0.95 -0.28 ~ £ ~ 2.18 9.94 < 

300 15.08 10.53 ~ £ ~ 19.63 4.28 > 

306 1.34 -0.12 ~ f ~ 2.80 1.04 

501 7.25 3.95 ~ f ~ 10.55 9.73 

600 2.48 0.50 ~ f ~ 4.46 16.20 < 

a Mean observed use calculated from 20 sub-samples of 

307 male observation sites and 524 female observation 

sites, respectively. 

b Use compared to availability based on random points 

throughout the study area. Use> greater than, < less 

than, or blank = equal to availability. 
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Table 20. vegetative associations selected in winter by 

male and female elk in the White Mountains, Arizona, 1984-

1986. 

\linter 

Males 

Vegetative X % 95% % % 

association ~erveda ~!:. available IIR Selection 

100 8.06 4.71 ~ e ~ 11.41 8.02 6.37 

101 2.30 0.46 ~ e ~ 4.14 20.13 16.68 <b <c 

102 19.39 14.53 ~ e ~ 24.25 24.37 20.02 < 

122 7.68 4.41 ~ e ~ 10.95 1.01 0.83 > > 

200 9.21 5.65 ~ e ~ 12.n 2.59 2.24 > > 

206 1.34 -0.07 ~ e ~ 2.75 1.07 0.86 

300 7.10 3.94 ~ e ~ 10.26 0.13 0.20 > > 

502 15.74 11.26 ~ e ~ 20.22 6.31 9.21 > > 

600 19.00 14.18 ~ e ~ 23.82 31.09 37.76 < < 

610 10.17 6.45 ~ e ~ 13.89 1.09 1.34 > > 

Females 

100 13.45 8.68 ~ e ~ 18.22 8.02 6.84 > > 

101 9.49 5.39 ~ e ~ 13.59 20.13 17.11 < < 

102 12.34 7.74 ~ e ~ 16.94 24.37 20.53 < < 

104 2.22 0.16~e~ 4.28 0.43 0.34 

121 1.42 -0.23 ~ e ~ 3.07 0.90 o.n 

200 16.30 11.14 ~ e ~ 21.46 2.59 4.71 > > 

202 1.42 -0.23 ~ e ~ 3.07 0.04 0.07 
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Table 20. (continued) 

Vegetative X % 95% % " association ~erv~ £"1:. available IIR Selection 

203 6.33 2.93 ~ .e. ~ 9.73 0.01 0.02 > > 

206 3.17 0.72 ~ .e. ~ 5.62 1.07 1.81 

211 4.75 1.76 ~ .e. ~ 7.72 0.01 0.02 > > 

221 2.06 0.07 ~ .e. ~ 4.05 0.42 0.72 

300 4.91 1.59 ~ .e. ~ 7.93 0.13 0.09 > > 

322 6.33 2.93 ~ E. ~ 9.73 0.01 0.01 > > 

502 16.61 11.41 ~ E. ~ 21.81 6.31 8.70 > > 

600 10.60 6.30 ~ E. ~ 14.90 31.09 33.99 < < 

610 4.27 1.44 ~ E. ~ 7.10 1.09 1.25 > > 

a Mean observed use calculated from 20 sub-samples of 

521 male observation sites and 632 female observation 

sites, respectively. 

b Use compared to availability based on random points 

throughout the study area. Use> greater than, < less 

than, or blank = equal to availability. 

C Use compared to availability based on random points 

that fell within home ranges only (symbols as described 

above) . 
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Elk Diets 

Seasonal elk diets included >59 plant species 

(APPENDIX C). Diets were similar (Morisita coefficients > 

0.68) between sex and age cla.sses of elk in all seasons 

(Table 21). Spring diets were dominated by grass, sedges, 

and rushes (grasslike) (57.8%), summer diets by forbs 

(65.6%), fall diets by grass and grasslike (35.2%) and 

forbs (37.9%), and winter diets by trees (47.5%) 

predominantly turbinella or Gambel oak (41.0%) (Fig. 10). 

Seasonal diet overlaps (Table 22) were low (X = 0.33 ± 

0.08). winter diets differed most from the other seasons. 

Diets also differed between winter ranges (Table 23). 

Cooley Mountain, Woolsey Lake, and Paddy Butte winter 

ranges had more shrubs and less trees and forbs than other 

winter ranges. Grasses were noticeably lacking from Cooley 

Mountain, Woolsey Lake, and Corn Creek winter ranges. 
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Figure 10. Seasonal composition of elk diets by forage 

class in the White Mountains, Arizona, 1984-1986. 
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Table 21. Morisita coefficients (Me) of diets among sex 

and age classes of elk in the White Mountains, Arizona, 

1984-85. Values> 0.60 suggest significant biological 

overlap in diets (Alcoze and Zimmerman 1973). 

" vs. F M vs. calf F vs. calf 

No. 110. 110. 

species species species 

Season J.lC shared MC shared J.lC shared 

Spring 0.72 13 0.72 9 0.85 13 

Surrmer 0.86 14 0.68 11 0.69 11 

Fall 0.76 17 0.75 13 0.82 13 

Winter 0.84 22 0.86 18 0.97 17 

117 
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Table 22. comparisons of seasonal diets among elk in the 

White Mountains, Arizona, 1984-85. 

Seasons 

Seasons spring Summer Fall winter 

spring 0.50a 0.43 0.09 

Summer 20b 0.58 0.16 

Fall 18 19 0.24 

Winter 15 11 14 

a Morisita (1959) index values comparing diets 

between seasons. A value ~0.60 indicates significant 

biological overlap (Alcoze and Zimmerman 1973). 

b Number of species common to elk diets between 

seasons. 
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Table 23. comparisons (relative percent) among elk winter 

diets on 6 distinct winter ranges in the White Mountains, 

Arizona, 1984-85. 

Porter Mtn. Cooley Milligan Woolsey Corn Paddy 
to 

Jaques Mtn. Mtn. 

No. sarrples 
c~sited 

~ 
Trees 

Juniper 

Oak 

Pine 

Total 

Shrubs 

Fendler's 
ceanothus 

Mountain 
mahogany 

Shrubby 
cinquefoil 

Total 

18 

22.0 1.8 

26.3 48.0 

1.8 0.5 

50.1 50.3 

6.1 18.0 

10.0 30.0 

16.1 48.0 

Grass and grasslike 

Bent grass 0.5 

Bluegrass 5.4 0.3 

Brame 3.2 

Fescue 1.1 

9 4 2 16 4 

45.5 7.0 7.0 

40.0 62.0 13.0 

9.0 

54.5 40.0 69.0 20.0 

12.6 5.6 11.2 

3.0 33.4 19.3 48.8 

13.0 2.0 7.0 

3.0 59.0 27.0 67.0 

0.5 

13.5 

3.5 

2.5 1.0 
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Table 23. (Continued) 

Porter Mtn. Cooley Milligan Yoolsey Corn Paddy 
to 

Jaques Mtn. Mtn. Knoll Lake Creek Butte 

tlo. sarrples 
c~sited 18 9 4 2 16 4 

Grama grass 1.1 2.0 4.0 

Lovegrass 0.5 0.7 2.0 

Muhly 0.5 0.5 

Yheatgrass 2.2 6.0 

Unknown grasses 3.2 0.3 3.0 0.3 2.0 

Total 17.7 0.6 31.5 0.0 1.0 8.0 

Forbs 

Aster 1.1 1.5 

Buckwheat 1.0 0.5 

Carruth 
sagebrush 0.5 0.5 

Checkermallow 0.5 

COlTlT1on mull i en 0.3 0.3 

Filaree 0.5 

Globe mallow 4.9 0.5 2.0 0.3 2.0 

Hackel i a 0.5 1.5 0.7 

Horehound 3.2 1.0 2.0 

Beebalm 1.1 

Prickly pear 0.5 

Ragleaf bahia 1.0 
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Table 23. (continued) 

Porter Mtn. Cooley Milligan Woolsey Corn Paddy 
to 

Jaques Mtn. Mtn. Knoll lake Creek Butte 

110. samples 
corrposited 18 9 4 2 16 4 

Slender janusia 0.5 

Western yarrow 0.5 0.5 

Unknown forbs 2.2 0.8 2.5 2.0 

Total 17.3 1.3 11.0 1.0 3.0 4.0 

Grand total 100.2 100.2 100.0 100.0 100.2 100.0 

No. of species 25 7 17 6 10 10 
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DISCUSSION 

The direct observation technique I used was an 

effective means to obtain data describing what elk use 

habitat for. There were biases inherent in tracking elk 

closely through different habitats. Distance at which I 

could accurately observe animals and determine what they 

were doing differed between vegetative associations. 

There were conditons where it was very dirficult to get 

useable data. During the tribal hunting period (Nov) elk 

were constantly flushed by hunters making it nearly 

impossible collect data. There were also some very thick 

vegetative associations (e.g., New Mexico locust thickets) 

that animals could be secluded in. I could usually be 

sure the animal remained in that vegetative association 

but could not ascertain what it was doing. Elk flushing 

distances were not different between vegetative 

associations and observation distances were 

short enough to ensure accurate recording of elk habitat 

use in most circumstances. 

The amount and patterns of time elk spent 

foraging, bedded, and traveling are similar to those 

reported for other elk populations (Craighead et al. 1973, 

Green and Bear 1990) and red deer (Georgii 1981, Georgii 

and Schroder 1983). My study obtained behavioral data by 

direct observation of animals that resulted in 



considerable daily variation in behavior that indirect 

telemetry measures of activity· may gloss over. Percent 

time spent in each behavior had to be averaged across 

individuals and over seasons for patterns to be apparent. 
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Group sizes and composition were similar to that 

reported for other herds (Altmann 1956, Rounds 1980, 

Houston 1982). However, I recorded few observations of 

large winter groups while tracking telemetered elk. Large 

groups were seen during aerial surveys and at artificially 

enhanced (sewage treatment ponds, irrigated winter fields) 

forage areas. winter group sizes recorded during this 

study do not approach the maximums documented elsewhere 

(Knight 1970, Houston 1982). Sexual segregation has been 

reported for elk (Peek and Lovaas 1968) and red deer 

(Clutton-Brock et ale 1982). Adult elk during my study 

were apparently more segregated than reported elsewhere. 

This may be an artifact of the gap, during rut, in my data 

imposed by the tribal policy during the trophy elk hunt. 

Sexual segregation is further illustrated by 

differences in male and female habitat use. Elevation was 

sufficient to discriminate between male and female 

habitats for all seasons except fall. Males were lower 

than females in spring, generally tracking the snow melt 

less closely (Sweeney 1975, Hershey and Leege 1982) and 
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were higher than females in summer. Fall sex segregation 

was not so pronounced. Discrimination comes from male 

occupation of habitats characteristic of rutting 

activities (e.g., wallows, rubs, and small openings for 

harem formation) (Struhsaker 1967, Bowyer 1981) while 

females remain in more forested associations (Leckenby 

1984). winter habitats were not well differentiated 

between sexes. Males tended to be on brushy slopes that 

provided more hiding cover while females were often on 

lower flats. However, females moved off winter ranges 

earlier than males, often moving up and down in elevation 

with snow fall while males remained in winter areas often 

until late spring. Males were generally seen in spatially 

segregated areas from females (J. Jojolla, pers. commun.) 

during winter surveys. Peek and Lovaas (1968) also 

reported that segregation of elk on winter range in Idaho 

was primarily spatial. 

Male elk remained on wintering areas using P-J and 

burned areas longer in spring than females did. However, 

males then moved quickly to higher elevation clear cuts 

and spruce habitats in late spring. Females moved 

earlier, following snowmelt and early green-up of forage, 

to large mid-elevational cienegas and ponderosa 

associations. Hershey and Leege (1982) reported similar 

spring movements and habitat use by elk in Idaho. 
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DelGuidice (1982) also reported similar spring habitat use 

by elk in the White Mountains, Arizona. He saw elk groups 

foraging in large cienegas frequently during spring and 

the frequency of males in the groups was greater in late 

spring. I saw elk bedded in or near large cienegas only 

in spring. 

Observations of elk in cienegas decreased as 

female groups dispersed to calve in dense (mostly 

ponderosa) stands in May and June. Cienegas dried out by 

late June and elk use declined with summer foraging and 

bedding sites predominantly in small forest openings and 

forested stands. Females reformed nursery bands after 

calves became mobile (Wallace and Krausman 1991) and were 

more frequently seen in mixed conifer and spruce clear cut 

associations. Males used spruce and spruce - aspen 

associations extensively through summer. DelGuidice 

(1982) also documented this spring - summer shift from 

large cienegas to forest "micro-openings". Similar summer 

habitat use has been documented for elk in Rocky Mountain 

populations (Collins and Urness 1979, Irwin and Peek 1983, 

Leckenby 1984, and Edge et ale 1987). Elk bedded in dense 

forest stands in summer. Canopy cover was higher for 

summer bed sites than during other seasons. Brown (1989) 

reported similar summer bed site characteristics for elk 
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in Arizona. 

My evaluation of fall habitat use was limited by 

tribal restrictions on field work during the trophy elk 

hunts. Fall habitats used by both sexes were more 

similar. Mixed conifer associations and cienegas were 

used more during rut. However, males frequented ridges in 

PIEN and POTR stands and clear cuts while females were 

more commonly in MIXD and PIPO after the rut. Hershey and 

Leege (1982) reported similar fall habitat use in Idaho. 
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ELK CALF HABITATS 

Elk have evolved a hider strategy (Lent 1974) where 

neonates are dispersed and hide in seclusion until they 

have developed enough to escape predation by running. Elk 

calves are highly susceptible to predation during this 

period (Schlegel 1976) and their survival may depend upon 

the availability and use of suitable hiding sites. 

Neonatal hiding habitats have not been reported in 

previous studies of elk movements and habitat use that 

have focused on the adults. Johnson (1951), Reichelt 

(1973), and Kuck et al. (1985) have described calf 

habitats in the northern Rocky Mountains. However, 

information on elk calving and habitat use in the 

Southwest is limited (Bell 1981). My objectives were to 

identify the dominant characteristics of elk calving 

habitats in central Arizona, to determine how long calves 

used these habitats, and to describe central Arizona elk 

calving habitat requirements. 

METHODS 

I used 3 methods to locate and capture calves: 

observation of radio-collared females, intensive surveys 

on foot, and vehicle surveys to locate neonatal elk 

calves. Nine radio-collared adult females were monitored 

in May and June 1985. Radio collared adult females, 

believed to be pregnant or found in areas where they were 
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suspected to have calved previously, were closely followed 

during calving (mid-May through mid-June). Changes in 

patterns of use (e.g., shifts from normal use areas, or 

repeated locations in a single small area) (Waldrip and 

shaw 1979) were considered indicative of calving behavior. 

Observations of avoidance or aggression toward other elk 

(Altmann 1952, 1963, Clutton-Brock and Guinness 1975, 

Geist 1982),increased wariness (Altmann 1963, Clutton

Brock and Guinness 1975), obvious changes in appearance, 

or reluctance to leave an area when approached (McCullough 

1969, Clutton-Brock and Guinness 1975, Bell 1981) 

suggested they might have a calf in the area and prompted 

an immediate search. 

Intensive foot surveys, using teams of volunteers 

hiking at 15-m intervals through suspected calving areas, 

searched for lone females or hiding calves. Where lone or 

small groups (1-3) of females appeared reluctant to flee, 

the area was carefully searched for hiding calves. 

Finally, roads were driven during crepuscular 

hours (dawn to 0900 and 1700 to dark). Where elk appeared 

reluctant to flee, were observed an immediate search was 

made. Observers searched carefully for 10-40 (X = 20) 

minutes in an expanding search pattern for hiding calves. 

Once located, neonatal calves were captured by 
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surrounding or approaching them carefully from behind and 

grabbing them. Captured calves were measured and weighed. 

Ages were estimated using characteristics described by 

Johnson (1951). Measurements were examined in relation to 

sex, age, and year of capture using Spearman's rank 

correlation and Mann-Whitney tests for differences between 

age classes. Expandable, vinyl coated elastic, radio 

collars (Telonics, Inc., Mesa, Ariz.) were fitted on 

captured calves. The collars stretched from a 

circumference of 35.5 to 101.6 cm. 

Radio-collared calves were carefully relocated at 

least every 2 days after capture until they joined nursery 

groups. I delayed relocation attempts if the cow was 

observed in the immediate area and further sites were 

excluded from analyses if the observer caused the calf to 

flee from hiding cover. Distance calves moved was 

calculated as the straight line distance between 2 

consecutive locations divided by time between locations. 

I recorded the location, time, and weather 

conditions for each calf location. Further habitat 

measurements were made only after the calf had vacated the 

site. At each site I recorded the slope, slope position, 

and aspect. Elevation (ELEV), distances to nearest road 

(DISTRD), known water (DISTH20), and large meadows 

(DISTMEAD), which were the principal foraging habitat for 
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elk in May-June (DelGuidice and Rodiek 1984), were 

recorded from on site measurements and topographical maps. 

Dominant overs tory and understory species were determined 

by ocular estimation. I estimated overstory canopy cover 

(CANCO) with a spherical densiometer (strickler 1959) and 

basal area (BASAL) with a wedge prism (Avery 1975). 

Overstory was further characterized by estimating the 

number and height of canopy layers (HTI = ht of dominant 

canopy, HT2 = ht of secondary canopy), and averaging the 

diameter at breast height (dbh) (Avery 1975) of 3 trees 

measured for each height class (DBI = mean dbh of HTI 

trees, DB2 = mean dbh of HT2 trees). 

I defined neonatal hiding cover as any obstruction 

that hid the prone calf from the view of an observer 25 m 

away. Both the type of and distance to hiding cover 

(MEANHIDE) were measured in 4 directions on 2, randomly 

oriented, bisecting perpendicular 50 m transects 

intersecting at the calf bedsite. I estimated density of 

slash and forest residues with photo guides (Maxwell and 

Ward 1976). 

I estimated habitat availability from available 

timber maps. Calf locations were plotted on the same 

maps. I compared habitat use to availability using 

techniques described by Byers et ale (1984). I compared 



habitat characteristics between years, sexes, and age 

classes of calves. I used non-parametric tests for most 

comparisons because subsets of data generally had small 

sample sizes (n = 28.33 ± 15.63) or were not normally 

distributed. 

RESULTS 

calf capture 
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Elk calves were found using each method (Table 

24). The vehicle survey method used in 1985 and 1986 was 

the most effective, accounting for 19 of 26 initial calf 

locations and 14 of 15 calf captures. The earliest 

neonatal calf location was 24 May and the latest 12 June, 

however, later calving did occur in this herd. Very young 

spotted calves, which were noticeably smaller and had less 

motor development, were seen in September and October each 

year. Also, an abnormally late, 4-6 November, birth was 

documented during this study (Wallace et al. 1988). 

Eleven of the 26 calves found eluded capture. Of 

these, only 2 escaped when >1 person was trying to catch 

them. The ~inimum circumference (35.5 cm) proved to be 

too large or the elastic too loose to keep the collars 

secure. Collars put on calves captured after 3 June 1985 

were secured snugly with electricians tape. 

Collars secured this way stayed on calves through 
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Table 24. Elk calves located per man hours of search time 

spent observing radio collared adult cows, foot surveys, 

and vehicle surveys in the White Mountains of Arizona, 

1984-86. 

Radio-

collared Foot Vehicle 

cows surveys surveys 

------------ -------- ------------
1984 1985 1985 1985 

Man hours 12 92 70.3 62.5 

Calves located 2a 1 1 9 

Calves captured 1 5 

Calves collared 4 

Man hrs./location 12 92 70.3 6.9 

a One calf noted here did not belong to the adult 

female under observation. It was found accidentally at 

the beginning of a search for the adult and is not 

included in the calculation of man hrs/location. 

1986 

98.5 

13 

9 

3 

7.6 
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the study. These elk showed no apparent discomfort from 

the collars as they grew. The tape weathered and broke in 

~3 months allowing the collars to expand as designed. 

Collar material weathered rapidly. No expandable collar 

remained on animals >2 years. Calf 480, legally shot in 

November 1985, was the only radio-collared calf mortality. 

All measures except weight (Table 25) were 

significantly correlated (£ < 0.05) with calf age. 

There were no significant (£ > 0.10) differences between 

sexes for any measures. Calves captured <5 days old in 

1986 may have been larger than those caught in 1985. Leg 

(£ = 0.04), and total (£ = 0.14) length were greater for 

calves caught in 1986. There were no differences in any 

measures (£ > 0.20) between years for calves ~ 5 days old. 

Collared calves were relocated from May through July 

between 0900 and 1600. Weather was not correlated to type 

of site selected for the range of conditions encountered in 

this study. Calves ~10 days old moved significantly (E < 

0.0001) greater distances/day than calves <10 days old 

(Fig. 11). Calves 10-16 days old generally moved with the 

cows at some time during the day. Older calves joined 

nursery cow/calf bands and fled with adults when 

approached. No calf >16 days old was observed using 

neonatal hiding behavior. 
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Table 25. Weights and measures of elk calves captured in 

the White Mountains, Arizona. 1984-86. 

Date Sex Age Neck Chest Leg Total Weight 
captured (day) (ern) (ern) (ern) (em) (kg) 

4 Jun 84 M 6 28.2 66.4 35.4 107.6 20.2 

1 Jun 85 M 1 24.1 63.2 34.5 105.0 21.3 

3 Jun 85 M 3 26.7 64.8 35.6 107.3 24.4 

4 Jun 85 M 2 26.7 64.7 35.8 99.6 20.8 

30 May 86 M 2 25.4 63.5 36.9 104.1 18.6 

30 May 86 M 6 29.7 67.5 37.0 111.7 23.6 

8 Jun 86 M 6 27.9 63.4 38.1 105.4 19.1 

Z 3.7 27.0 64.8 36.2 105.8 21.1 
SE 0.8 0.7 0.6 0.5 1.4 0.8 

28 May 85 F 1 25.1 61. 0 34.0 101. 6 

2 Jun 85 F 2 24.1 60.9 35.0 99.0 19.9 

2 Jun 85 F 4 27.9 63.5 39.7 101.6 20.4 

12 Jun 85 F 5 29.5 66.1 36.7 106.7 21.2 

30 May 86 F 3 26.0 61. 6 36.9 104.1 18.2 

1 Jun 86 F 3 29.2 67.3 36.9 101. 6 24.5 

5 Jun 86 F 3 29.7 69.0 40.1 110.9 32.1 

6 Jun 86 F 8 26.3 73.7 43.2 114.3 25.4 

6 Jun 86 F 3 36.2 108.4 24.9 

Z 3.6 27.7 65.4 37.6 105.4 23.3 
SE 0.7 0.8 1.6 1.0 1.7 1.6 
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age (days) in the White Mountains, Arizona, 1984-1986. 
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Calf Habitats 

Habitat characteristics were measured at 72 sites 

(26 initial capture and 46 telemetry relocations). 

Elevation, slope, aspect, and DISTH20, DISTRD,and DISTMEAD 

(Table 26) were significantly skewed (R < 0.05). Eighty

three percent of bedsites were between 2,256 and 2,590 m 

and on ~10 degree slopes. Median aspect of 224 0 was 

significant (Rayleigh's ~ = 39.72; R < 0.0001). Eighty

nine percent of sites were ~1,000 m of known water and 

meadows. However, no sites were in, and only 4 were at 

the edge of, open meadows. 

Initial locations were closer (U = 246.5, R < 

0.0001) to roads and had less BASAL (U = 345, R = 0.0030) 

and greater MEANHIDE (U = 336, R = 0.0021) than subsequent 

telemetry relocations. Males were found at lower ELEV (U 

= 47 R = 0.0076) than females in 1985, but there was no 

difference in 1986. Median ELEV of calf sites was higher 

(R = 0.0043) and MEANHIDE may have been less (R = 0.0983) 

in 1986 than in 1985. 

Ponderosa pine (PIPO) habitats were used most 

(69.44%) followed by regenerating burns and clear cuts 

(FF/CC), aspen and spruce (POTR/PIEN), and mixed conifer 

(MIXD) habitats; 12.50, 9.72, and 8.33%, respectively 

(Table 27). Ponderosa and FF/CC habitats were used 
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Table 26. Summary of habitat variables measured at 

neonatal calf bedsites in the White Mountains, Arizona, 

1985-86. 

Variablea Male Female location Relocation 1985 1986 

Nb 27 36 24 46 33 37 

ELEV (m) 2,402c 2,515 2,442 2,457 2,408 2,481 

range (2,316- (2,256- (2,256- (2,317- (2,317- (2,256 

-2,975) -3,109) -2,975) -3,109) -2,560) -3,109) 

SLOPE (0) 4 3 4 4 4 4 

range (0-22) (0-45) (0-44) (0-5 ) (0-18) (0-45) 

ASPECT (0) 225 225 203 225 203 205 

range (90-360) (22-338) (22-338) (90-360) (90-360) (20-338) 

BASAL (km2 33.07 28.95 21.85 33.41 27.97 29.72 
Iha) 

SO 14.34 16.77 17.11 14.02 13.72 18.25 

CANCO (%) 74.37 66.67 67.68 68.68 66.64 69.05 

SO 15.55 22.19 23.14 21.07 18.47 24.40 

MEANItIOE (m) 6.81 7.71 4.23 8.05 7.55 6.19 

SO 4.28 5.44 4.04 5.01 4.19 5.58 

HT1 (m) 18.06 19.81 18.64 18.89 18.24 19.28 

SO 5.49 7.64 7.64 6.89 5.31 8.58 
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Table 26. (continued) 

HT2 (m) 5.80 6.52 5.63 6.15 6.07 5.69 

SD 4.63 6.16 5.67 5.34 4.88 5.98 

DB1 (em) 32.42 35.42 32.33 33.70 36.20 30.79 

so 13.87 19.14 18.40 17.03 16.07 18.61 

DB2 (em) 8.14 8.63 7.13 8.56 8.48 7.53 

SD 8.01 8.63 7.94 8.45 8.35 8.43 

DISTH20 (m) 400 325 363 425 400 400 

range (12-1,500) (5-1,200) (5-1,250) (12-1,500) (5-1,500) (25-1,200) 

DISTMEAD (m) 300 237 185 288 250 250 

range (0-2,850) (0-2,500) (0-1,600) (0-2,850) (0-2,850) (0-2,500) 

a CANCO = canopy coverage, MEANHIDE = mean distance 

to hiding cover, HT1 = height of dominant overstory, HT2 = 
height of subdominant overstory, DB1 = mean diameter at 

breast height of HT1, DB2 = mean diameter at breast height 

of HT2, DISTH20 = distance to known water, DISTRD = 
distance to road, DISTMEAD = distance to large meadow. 

b No. calf bedsites sampled. Two bedsites sampled 

in 1984 are not included and 7 were for calves of 

undetermined sex. 

C X are reported with standard deviations. Medians 

are reported with (ranges). 
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Table 27. Neonatal calf habitat use in the White 

Mountains, Arizona, 1985-86. 

Habitat. Available Observed 95% C.l. 
{%} (%) 

PIPO 52.27 69.44 56.06 < 1: < 82.82 > 

MIXD 18.38 8.33 -0.50 < 1: < 17.16 < 

FF/CC 1. 62 12.50 2.78 < 1: < 22.22 > 

POTR/PIEN 13.91 9.72 1. 01 ~ 1: < 18.43 

OTHER 13.82 0.00 --------

a PIPO = ponderosa pine, MIXD = mixed conifer, 

FF/CC = regenerating burn or clearcut, POTR/PIEN = 

aspen/spruce, OTHER = meadows, chaparral, pinyon-juniper. 
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more and MIXD habitats were used less than they were 

available. No calf bedsites were found in meadows, 

chaparral, or pinyon-juniper (OTHER) habitats. There were 

no differences between habitats used by sexes or age 

classes. However, calves were located in non-ponderosa 

habitats more frequently (£ = 0.0015) in 1986 than in 

1985. structural measures of neonatal calf bedsite 

habitat showed that 63.9% of the sites had >1 overstory 

canopy layer. single canopies were common in FF/CC 

(66.6%), PIPO (33.3%), and POTR/PIEN (28.6%)sites. 

Ponderosa sites had smaller trees (£ = 0.0021 and E = 

0.0039; HT1 and DB1, respectively) and less CANCO (£ = 

0.0006) than MIXD sites, but had greater BASAL (£ = 

0.0017) than FF/CC sites. 

South to west facing aspects (135-293 0 ) were used 

most (84.7%). Calf beds were usually slightly sloped (X = 

40 ) on mid (41.7%), top (33.3%), and bottom (22.2%) 

slopes. On steep terrain beds were generally in a hollow 

or small depression in the slope. 

Five hiding cover types were identified for 

neonatal calf bedsites (Table 28). Logs (LOG) were large 

fallen trees in varying stages of decay. Slash (SL) I 

comprised of residues from silvicultural operations, was 

usually piled but thinning prescriptions left high 
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Table 28. Types of hiding cover found at neonatal elk 

calves bed sites in the White Mountains, Arizona, 1985-86. 

Habitatb Cover typea 

LOG SL R/T TR VEG None 

PIPO 30 93 18 15 11 33 

MIXD 2 6 7 0 9 0 

FF/CC 0 3 2 15 10 6 

POTR/PIEN 8 5 4 4 1 4 

a LOG = large downed trees in varying states of 

decay, SL = woody residues of silvicultural activities, 

R/T = rocks or topographic features, TREE = live standing 

trees, VEG = live herbaceous material, NONE = no cover 

within 25m of bedsite. 

b PIPO = ponderosa pine, MIXD = mixed conifer, FF/CC 

= regenerating burn or clearcut, POTR/PIEN = aspen/spruce. 
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densities ( >22 tons/ha) of unconsolidated woody material 

in some areas. Hiding cover was classified as rocks or 

topography (R/T) when rocks, ground or slope alone 

prevented an observer from seeing a bedded calf at S25 m. 

Trees (TR) and vegetation (VEG) were live standing plants 

that provided cover at the ground level as trunks, 

branches, or vegetative growth. Type of cover predominant 

at the bedsite was related to habitat (G = 97.44, 15 df f E 

< 0.001). Slash was used most (46.5%) in PIPO habitats, 

and VEG (37.5%) and R/T (29.2%) were used most in MIXD. 

Trees (41.7%) and VEG (27.8%) provided the most cover in 

FF/CC sites, LOG (28.6%) and SL (25.0%) were used most in 

POTR/PIEN habitats. Mean height of cover (excluding TR) 

was 0.70 m ± 0.97 m primarily due to the height of slash 

piles. Cover < 0.36 m tall seldom hid the calf from an 

observer 25 m away. Only 1 (an 11 day old female) calf 

site was found without hiding cover within a 25 m radius. 

Calves were usually found ~1 m (X = 0.97 m, SD = 2.8 m) 

from hiding cover in some direction. 

DISCUSSION 

Techniques used to locate elk calves were 

,successful because pregnant elk leave the herd before 

giving birth in seclusion (Altmann 1952, Boyd 1978, Geist 

1982) and will remain in the vicinity (S 200 m) of their 



newborn calf and show recognizable protective behaviors 

(Schlegel 1976, Waldrip and Shaw 1979, Delguidice 1982) 

when the calf is approached. 

The vehicle survey method was the most efficient 

method for finding elk calves. Some inherent visibility 

biases may occur with the vehicle survey technique. 

Initial locations with this method were closer to roads 

and more open than subsequent telemetry relocations. 

A minimum expandable collar circumference of 25.0 

cm is necessary for neonatal elk. Simple elastic designs 

provided too much opportunity for slippage or snagging on 

branches with calves ~ 1 month old. 

Calf weights were within the ranges reported 

(Johnson 1951, Schlegel 1976, Bear and Green 1980). 

Calves ~ 5 days old were lighter (E < 0.0001) than those 

reported in Idaho (Schlegel 1976) but were not 

significantly different (E > 0.50) from other reported 

weights (Johnson 1951, Reichelt 1973, Bear and Green 

1980). Other measures were all within the ranges 

previously reported (Johnson 1951, Bear and Green 1980). 

Where calves are born depends upon elk movements 

and the availability of vegetative types during the 

calving period (Skovlin 1982). Sweeney (1975) suggested 

that calving elevation, and associated habitat, varies 

inversely with latitude. In northern ranges, calving 
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generally occurs on transitional spring ranges (e.g., open 

sagebrush [Artemesia spp.] (Dalke et al. 1965), sagebrush

conifer ecotone (Johnson 1951, Boyd 1970, Reichelt 1973). 

In central Arizona, near the southern extent of elk range, 

calving occurred on summer ranges dominated by ponderosa 

pine and lacking significant understory brush cover. 

Calves most frequently hid on south to west facing 

gentle (~ 100 ) slopes in regenerating PIPO habitats 50-

1000 m from meadows and water. Use of southerly exposures 

(Altmann 1952, Reichelt 1973, Sweeney 1975, Waldrip and 

Shaw 1979) and gentle slopes (Johnson 1951, Reichelt 1973) 

have been reported for other calving areas. Free water in 

May and June calving areas on this study were associated 

with large meadows. Skovlin (1982) suggested that free 

water was normally within 400 m of calving areas. 

DelGuidice and Rodiek (1984) documented elk use during the 

calving season in Arizona was greatest within 840 m of 

free water. These habitat components were common on the 

mid-elevational rim country where southwest aspects and 

gently sloped PIPO habitats interspersed with large wet 

meadows. However, calves were found on steeper slopes in 

1986 when locations were more frequent in the higher 

elevation and steeper MIXD habitats. Between year (1985-

1986) differences reflect the earlier snowmelt and greenup 



in 1986 similar to that reported by Sweeney (1975). No 

calves were seen in May and June 1985 above 2,560 m but, 

adults and calves were commonly seen ~3,300 m in May and 

June 1986. 

I was unable to test whether individual cow elk 

returned to traditional calving areas. I found calves in 

the same areas each year. However, locations of radio 

collared cows that calved during the peak calving periods 

indicated that mean distance between years locations 

through May and June was 4.17 km, SD = 3.35 km (n = 10 

cows). Three cows had locations that were each clustered 

within 2 km2 areas during calving but most showed no 

similar site fidelity. 
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Calves used neonatal hiding habitats until 16 days 

old. Altmann (1952) and Knight (1970) reported that the 

hiding period normally lasts 10 days to 3 weeks. Calves 

in this study began to travel part-time with their mothers 

by 10 days old but did not abandon neonatal hiding 

behavior until 16 days old. 

Where calving occurs on transitional spring ranges 

(Dalke et ale 1965, Reichelt 1973) shrub species most 

commonly provide neonatal hiding cover. In mixed open and 

forested ranges (Johnson 1951, Roberts 1974, Sweeney 1975) 

newborn calvesare often found a short distance into the 

forest. I found calves bedded almost exclusively (94.4%) 
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in forested sites. Calf hiding cover was the most 

important feature of neonatal bedsites. I found some form 

of visual obstruction served as neonatal hiding cover at 

all but 1 calf bedsite. Slash (Skovlin 1982) and rocks or 

woody vegetation (Waldrip and Shaw 1979) have been listed 

as important for neonatal elk cover. Calves in PIPO areas 

were in mid-successional stands under thinning 

prescriptions that left piled or unconsolidated residues 

that provided the most ready source of hiding cover for 

calves. In FF/CC sites, young regenerating trees or 

herbaceous growth provided cover while calves used what 

was available in MIXD and POTR/PIEN sites. 

Neonatal hiding cover was selected for in all 

habitats. Elk are most vulnerable to predation during 

their first months of life (Schlegel 1976, Carl and 

Robbins 1988). Neonatal hiding habitats may be of critical 

importance to herd productivity. The time elk require 

neonatal hiding habitats can readily exceed 2 months, even 

if no calf hides when >16 days old, due to variation in 

parturition. times (Wallace et al. 1988). This study 

suggests some flexibility in habitats used for calving, 

but neonatal hiding cover is essential. Neonatal hiding 

cover should be ~0.36 m tall, 50-1000 m from open foraging 

areas and water, on gentle (~ 100 ) southwesterly slopes. 
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Cover should be available along normal elk migration 

routes at elevations commonly reached by May and June. 

Cover should be dispersed to avoid attracting predators to 

localized hiding sites (Schlegel 1976). In forest types, 

lacking vegetative cover or downed woody materials, 

neonatal hiding cover can be readily provided by modifying 

prescriptions to leave some residues in situ. 
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APPENDIX A. Elk trapped on the White Mountain Fort 

Apache Reservation, Arizona 1983-85. 

Elk Date Elevation 
radio at trap 

No. collared ~ rum !!:.!!2 l ocat i on uma site 1!!!l Fate Date 

130 1117/83 ~I Y Beaver Dams 621500/3755325 2,743 

140 10/15/83 M Y Paradise clearcuts 627250/3755000 3,048 Lost signal 5/11/84 

150 10/31/83 M Y P~radise Park Knoll 622350/3763000 2,591 

160 11/9/83 F Y North Pacheta Lake 636000/3741475 2,621 

170A 10/15/83 M Y Beaver Dams 621500/3755325 2,743 sl ip collar 4/10/84 

170B 7/2/84 F A Paradise Park Knoll 622350/3763000 2,591 Lost signal 9/28/84 

180 8/5/83 M A Paradise Park Knoll 622350/3763000 2,591 Lost signal 7/26/84 

190 11/7183 F A Aspen Ridge 617450/3751850 2,621 

200A 11/14/83 F Y Crosby Butte 628000/3766300 2,719 

210 11/10/83 M A Lofer Cienega 625650/3744050 2,560 Lost signal 4/12/85 

221 11/16/83 F Y Paradise clearcuts 627250/3755000 3,048 Hunter shot 11/20/84 

230 6/30/83 F Y Lofer Cienega 625650/3744050 2,560 

241 1/13/83 F A Yest Turkey Creek 606550/3732650 2,012 Died calving 11/4/84 

261 8/9/83 F Y Reservation cuts 636200/3753700 3,072 

271A 8/2/83 F Y Lofer Cienega 625650/3744050 2,560 Undetermined 10/31/83 

271B 6/29/84 ~l Y Paradise Park Knoll 622350/3763000 2,591 

280A 7/21/83 H A Reservation cuts 636200/3753700 3,072 Sl ip collar 10/31/83 

280B 11/18/83 F Y Paradise Park Knoll 622350/3763000 2,591 

290 5/5/83 F Y RR Bed Cienega 612325/3n1000 2,332 

301 6/21/83 F Y Beaver Dams 621500/3755325 2,743 
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APPENDIX A. (continued) 

Elk Date Elevation 
radio at trap 

No. collared Sex ~ !!!!l! l ocat i on UTMa site 1!!!l Fate Date 

311 5/9/83 F A Cattail Cienega 614300/3769300 2,362 

320A 6/8/83 F Y Lofer Cienega 625650/3744050 2,560 

320B 11/16/83 M A Cosby Butte 628000/3766300 2,719 Poached 11/6/84 

330 1/14/83 F A ~est Turkey Creek 606550/3732650 2,012 

341 5/13/83 F A Pettis Corral 607500/3763350 2,286 

350 5/12/83 F A Horse Mesa 612450/3752800 2,390 

361 5/26/83 F A Paradise YC camp 621800/3763800 2,499 

370 6/17/83 F A Odart Cienega 629300/3733500 2,493 

380 7/21/83 F A North Pacheta Lake 636000/3741475 2,621 Lost signal 12/30/83 

390 6/29/83 F Y Bonito Rock 629725/3739100 2,500 

401 7/21/83 F Y Big Boni to/Y77 631125/3740650 2,524 Lost signal 6/14/84 

410 5/17/83 F A Bull Creek 607850/3758000 2,347 

420 5/18/83 ~l A Firebox Creek 614725/3742200 2,377 

431 4/19/83 F Y ~est Turkey Creek 606550/3732650 2,012 

441A 7/9/84 F Y Crosby Butte 628000/3766300 2,719 Undetermined 1/15/85 

1,50 7/27/84 F A Maverick Cienega 616600/3754800 2,515 Sl ip collar 10/15/85 

a Universal transverse mercator coordinates. 

b Cause of mortality (if known) • If blank, collar was 

still functioning at end of study. 



APPENDIX B. Plant species collected as reference source 

material for elk diet determination by microhistological 

fecal analysis in the White Mountains, Arizona, 1983-86. 

Trees 
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Common name Scientific name Acronym 

Alder Alnus spp. ALNUS 

Alligator juniper Juniperus deppeana Jude 2 

Ash Fraxinus spp. FAAX 

Bitter cherry Prunus emarginata Prem 

Blue spruce Picea pungens Pipu 

Box elder Acer negundo Acne 2 

Common juniper Juniperus communis Juco 

Douglas fir Pseudotsuga menziesii Psme 

Engelmann spruce Picea engelmannii Pien 

Gambel oak Quercus gambellii Quga 

Gray oak Quercus grisea Qugr 

Oak Quercus spp. QUERC 

One-seed juniper Juniperus monosperma Jumo 

Pinyon pine Pinus edulis Pied 

Ponderosa pine Pinus ponderosa Pipo 

Quaking aspen Populus tremuloides Potr 

Rocky Mountain juniper Juniperus scopularum Jusc 

Silverleaf oak Quercus hypoleucoides Quhy 



APPENDIX B. (continued) 

Southwestern white pine Pinus strobiformes 

Sub-alpine fir 

Turbinella 

utah juniper 

Walnut 

White fir 

Shrubs 

Cornmon name 

Algerita 

Arizona rose 

Blackbead elder 

Currant 

Fendler's ceanothus 

Gooseberry currant 

Manzanita 

Mexican cliffrose 

Mormon tea 

Mountain mahogany 

Myrtleberry 

New Mexico 'locust 

Orange gooseberry 

Point-leaf manzanita 

Rabbitbrush 

Red-osier dogwood 

Abies lasiocarpa 

Quercus turbinella 

Juniperus osteosperma 

Juglans major 

Abies concolor 

scientific name 

Berberis trifoliata 

Ros£!. arizonica 

Sambucus melanocarpa 

Ribes spp. 

Ceanothus fendleri 

Ribes montigenum 

Arctostaphylos pringlei 

cowania mexicana 

Ephedra viridis 

Cercocarpus montanus 

vaccinium myrtlensis 

Robinia neomexicana 

Ribes pinetorum 

Arctostaphylos pungens 

Chrysothamnus nauseosus 

Cornus stolonifera 
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Pist 

Abla 

Qutu 2 

Juos 

Juma 

Abco 

Acronym 

Betr 2 

Roaz 

Same 4 

RIBES 

Cefe 

Rimo 

Arpr 

Come 5 

Epvi 

Cemo 5 

Vamy 

Rone 

Ripi 

Arpu 5 

Chna 

Cost 



APPENDIX B. (continued) 

Red raspberry 

Shrubby cinquefoil 

Snowberry 

Snowberry 

Thirnbleberry 

utah serviceberry 

Wax currant 

willow 

winterfat 

Grass and grasslike 

Rubus strigosus 

Potentilla fruiticosa 

Syrnphoricarpos spp. 

syrnphoricarpos oreophilus 

Rubus parviflora 

Amelanchier utahensis 

Ribes cereus 

Salix spp. 

Ceratoides lanatum 

Cornmon name Scientific ~ 

Arizona fescue Festuca arizonica 

Arizona three awn Aristida arizonica 

Bentgrass Agrostis scabra 

Black grama Bouteloua gracilis 

Blue-joint reed grass Calamagrostis canadensis 

Bluebunch wheatgrass Agropyron spicatum 

Bluegrass Poa spp. 

Bluestem Andropogon spp. 

Bottlebrush squireltail sitanion hystrix 

Bublous bluegrass 

Bush muhly 

Cheat grass 

Common timothy 

Poa bublbosa 

Muhlenbergia porteri 

Bromus tecto rum 

Phleum pratense 
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Rust 

Pofr 4 

SYMPH 

Syor 

Rupa 

Amut 

Rice 

SALIX 

Cela 

Acronym 

Fear 

Arar 6 

Agsc 

Bogr 2 

Caca 

Agsp 

POA 

ANDRO 

Sihy 

Pobu 

Mupo 2 

Brte 

Phpr 3 
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Deer muhly 

Fendler three awn 

Fendler's flatsedge 

Foxtail barley 

Hairgrass 

Muhlenbergia rigens 

Aristida fendlerana 

Cyperus fendleranus 

Hordeum jUbatum 

Deschampsia caespitosa 

Indian ricegrass oryzopis hyrnenoides 

Intermediate wheatgrass Agropyron intermedium 

June grass 

Kentucky bluegrass 

Longtongue muhly 

Love grass 

Montana spikerush 

Mountain muhly 

Mutton bluegrass 

Needlegrass 

Nodding brome 

Northern mannagrass 

Orchard grass 

Panic 

Koelaria cristata 

Poa pratensis 

Muhlenbergia longiligula 

Eragrostis spp. 

Elocharis montana 

Muhlenbergia montana 

Poa fendlerana 

Stipa spp. 

Bromus anomalus 

Glyceria borealis 

Dactylis glomerata 

Panicum spp. 

Lolium perenne 
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Muri 

Arfe 4 

Cyfe 

Hoju 

Deca 

Orhy 

Agin 2 

Kocr 

Popr 

Mulo 

ERAG 

Elmo 

Mumo 

Pofe 

STIPA 

Bran 

Glbo 

Dagl 

PANIC 

Lope Perennial rye grass 

Pine dropseed Blepharoneuron tricholepsis Bltr 

Plains bluegrass 

Pringle's needlegrass 

Redtop bent 

Poa arida 

stipa pringlei 

Agrostis alba 

Poar 

stpr 

Agal 3 



APPENDIX B. (continued) 

Richardson's brome 

Rush 

Sand dropseed 

Screwleaf muhly 

Sedge 

Sedge 

Sheep fescue 

Sideoats grama 

Slender wheatgrass 

Smooth brome 

Spike muhly 

Tall mannagrass 

Timber oat grass 

Water bent 

Weeping lovegrass 

Western wheatgrass 

Wheat 

Wild rye 

Wolf tail 

Wooly sedge 

Forbs 

Common name 

Alfalfa 

Aspen fleabane 

Bromus richardsonii 

Juncus spp. 

Sporobolus cryptandrus 

Muhlenbergia virescens 

Carex spp. 

Carex foena 

Festuca ovina 

Bouteloua curtipendula 

Agropyron trachycaulum 

Bromus inermis 

Muhlenbergia wrightii 

Glyceria elata 

Danthonia intermedia 

Agrostis semi verticil lata 

Eragrostis curvula 

Agropyron smithii 

Triticum spp. 

Elymus spp. 

Lycurus phleoides 

Carex lanuginosa 

scientific name 

Medicago sativa 

Erigeron macranthus 
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Brri 2 

JUNC 

Spcr 

Muvi 

CARE 

Cafo 

Feov 

Bocu 

Agtr 

Brin 2 

Muwr 

Glel 

Dain 

Agse 2 

Ercu 

Agsm 

TRIT 

ELYM 

Lyph 

Cala 

Acronym 

Mesa 

Erma 



APPENDIX B. (continued) 

Aster 

Aster 

Bearberry honeysuckle 

Beard tongue 

Bedstraw 

Bigelow groundsel 

Blanketflower 

Blue-eyed grass 

Bracted strawberry 

Buttercup 

Canadian horseweed 

Canyon grape 

Carruth sagebrush 

Cerastium 

Checkermallow 

Cinquefoil 

Clover 

Columbine 

Common mullien 

Creeping barberry 

Cudweed 

Dandelion 

Deer vetch 

Deers ears 

Aster commutatus 

Aster ascendens 

Lonicera involucrata 

Penstemon barbatus 

Galium spp. 

Senecio bigelovii 

Gaillardia pinnatifida 

Sisyrinchium demissum 

Fr~garia bracteata 

Ranunculus spp. 

Conyza canadensis 

vitus arizonica 

Artemesia carruthii 

cerastium brachypodium 

Sidalcea neomexicana 

Potentilla spp. 

Trifolium spp. 

Aguilegia triternata 

Verbascum thapsis 

Berberis repens 

Gnaphalium wrightii 

Taraxacum spp. 

Lotus wrightii 

Swertia radiata 
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Asco 22 

Asas 

Loin 

Peba 

GALIU 

Sebi 

Gapi 

side 

Frbr 

RANUN 

Coca 5 

Viaz 

Arca 14 

Cebr 3 

Sine 3 

POTEN 

TRIF 

Aqtr 

Veth 

Bere 

Gnwr 

TARA X 

Lowr 

Swra 



APPENDIX B. (continued) 

Dock; sorrel 

Draba 

Evening primrose 

False solomon seal 

Fendler's meadowrue 

Fendler's globemallow 

Fendler's hawkweed 

Fendler's rockcress 

Filaree 

Fireweed 

Fleabane 

Gaura 

Globe mallow 

Golden columbine 

Golden aster 

Golden pea 

Goldenrod 

Goldenrod 

Goosefoot 

Groundsel 

Hac)celia 

Honeysuckle 

Hooker's primrose 

Horehound 

Rumex spp. 

Draba spp. 

Oenothera spp. 

Smilacina racemosa 

Thalictrum fendleri 

Sphaeralcia fendleri 

Hieracium fendleri 

Arabis fendleri 

Erodium cicutarium 

Epilobium angustifolium 

Erigeron forrnosissimus 

Gaura hexandra gracilis 

Sphaeralcia spp. 

Aguilegia chrysantha 

Chrysopsis foliosa 

Therrnopsis pinetorum 

Soldago spp. 

Solidago wrightii 

Chenopodium spp. 

Senecio spp. 

Hackelia floribunda 

Lonicera utahensis 

Oenothera hookeri 

Marrubium vulgare 
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RUMEX 

DRABA 

OENOT 

Smra 

Thfe 

Spfe 

Hife 

Arfe 

Erci 6 

Epan 

Erfo 

Gahe 

SPHAER 

Aqch 

Chfo 

Thpi 

SOLID 

Sowr 

CHENO 

SENE 

Hafl 

Lout 

Oeho 

Mavu 



APPENDIX B. (continued) 

Horse cinquefoil 

Indian paintbrush 

Larkspur 

Leafy-bract aster 

Longleaf phlox 

Lousewort 

Lupine 

Mexican silene 

Milkvetch 

Milkweed 

Mintleaf beebalm 

Mistletoe 

Monkeyflower 

Mountain bluebells 

New Mexico verbena 

New Mexico groundsel 

Onion 

Orange sneezeweed 

Osha 

Palmer's lupine 

Palmer's onion 

Pearly everlasting 

Peavine 

Penstemon 

Potentilla hippiana 

Castellija confusa 

Delphinium spp. 

Aster foliaceus 

Phlox longifolia 

Pedicularis groenlandica 

Lupinus spp. 

Silene lacinata 

Astragalus spp. 

Asclepias spp. 

Monarda menthaefolia 

Phoradendron spp. 

Mimulus spp. 

Mertensia franciscana 

Verbena neomexicana 

senecio neomexicanus 

Allium spp. 

Helenium hoopesii 

Ligusticum porteri 

Lupinus palmeri 

Bisceptrum palmeri 

Anaphalis margaritaceae 

Lathyrus arizonica 

Penstemon spp. 
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Pohi 

Caco 

DELPH 

Asfo 

Phlo 2 

Pegr 

LUPI 

Sila 2 

AS TRAG 

ASCL 

Morne 

PHORA 

MIMU 

Mefr 2 

Vene 

Sene 

ALLIU 

Heho 

Lipo 

Lupa 

Alpa 

Anrna 

Laaz 

PENST 



APPENDIX B. (continued) 

Phacelia 

Pin cushion cactus 

Pineywoods geranium 

Plantain 

Poison ivy 

Prickly pear 

pyrola 

Ragleaf bahia 

Ragwort 

Redroot buckwheat 

Richardson's geranium 

Phacelia spp. 

Mammillaria spp. 

Geranium caespitosum 

Plantago spp. 

Rhus trilobata 

opuntia spp. 

pyrola spp. 

Bahia dissecta 

Senecio macdougalli 

Eriogonum racemosum 

Geranium richardsonii 

Richardson's bitterweed Hyrnenoxys richardsonii 

Rocky Mountain pussy toe Antennaria aprica 

Rocky Mountain iris 

Sandwort 

Scarlet paintbrush 

Showy goldeneye 

Sisymbrium 

Skyrocket gilia 

Slender janusia 

Slender goldenweed 

Spreading fleabane 

Spurge 

Spurge 

Iris missouriensis 

Arenaria spp. 

Castellija miniata 

Viguieria multiflora 

sisyrnbrium linifolium 

Gilia aggregata 

Janusia gracilis 

Haplopappus gracilis 

Erigeron divergens 

Euphorbia spp. 

Spurc;Le spp. 
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PHACE 

MAMM 

Geca 3 

PLANT 

Rhtr 

OPUN 

PYROL 

Badi 

Serna 

Erra 3 

Geri 

Hiri 

Anap 

Irmi 

ARENA 

Cami 12 

Vimu 

Sili 

Giag 

Jagr 

Hagr 

Erdi 4 

EUPH 

SPURG 



APPENDIX B. (continued) 

star flower 

Thistle 

Tritelia 

Valerian 

Violet 

Wandbloom penstemon 

Western wallflower 

Western bracken 

Western yarrow 

White sweetclover 

Winged buckwheat 

Woodsorrel 

Wright's houstonia 

Yellow salsify 

Yellow sweetclover 

smilacina stellata 

Cirsium spp. 

Tritelia lemmonae 

Valeriana spp. 

Viola spp. 

Penstemon virgatus 

Erysimum capitatum 

Pteridium aguilinum 

Achillea lanulosa 

Melilotus alba 

Eriogonum alatum 

Oxalis spp. 

Houstonia wrightii 

Tragopogon dub ius 

Melilotus officinal is 
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smst 

CIRS 

Trle 

VALER 

VIOL 

Pevi 4 

Erca 

Ptaq 

Acla 3 

Meal 2 

Eral 4 

OXAL 

Howr 

Trdu 

Meof 
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APPENDIX C. Seasonal percent composition of elk diets, 

estimated by microhistological fecal analyses, in the 

White Mountains, Arizona 1984-86. 

Spring 

Species Males Females Calves 

No. samples composited 9 7 5 

Trees 

Pine 9.7 9.5 2.6 

Oak 0.9 

Total 10.6 9.5 2.6 

Shrubs 

Fendler's ceanothus 2.6 

Mexican cliffrose 0.9 

Shrubby cinquefoil 2.2 4.7 

Arizona rose 1.2 5.2 

Thimbleberry 11.5 19.5 11. 3 

Red raspberry 0.9 

Total 15.5 25.4 19.1 

Grass and grasslike 

Three-awn 2.6 

Brome 12.8 17.2 20.1 

Sedge 21.1 4.7 8.3 

Timber oatgrass 3.0 2.6 



161 
APPENDIX C. (continued) 

Hairgrass 0.9 

Fendler's flatsedge 5.2 

Weeping lovegrass 0.9 1.2 2.6 

Arizona fescue 6.2 3.0 5.2 

Wild rye 2.6 

Tall mannagrass 3.0 5.2 

June grass 1.2 2.6 

Muhly 0.9 

Bluegrass 0.9 3.0 

Needlegrass 5.9 2.6 

Wheat 1.2 

Unknown grass 8.8 9.5 8.3 

Total 52.5 52.9 67.9 

Forbs 

Milkvetch 0.9 1.2 

Filaree 1.2 

Bracted strawberry 11. 5 

Wright's houstonia 0.9 

Mountain bluebells 2.2 4.7 5.2 

Groundsel 0.9 1.2 

Goldenrod 2.6 

Globe mallow 2.2 1.2 

Golden pea 0.9 

Clover 3.0 
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APPENDIX C. (continued) 

Unknown forbs 2.2 2.6 

Total 21.7 12.5 10.4 

Grand total 100.3 100.3 100.0 

No. Species 21 20 19 

Summer 

Species Males Females Calves 

No. samples composited 13 17 10 

Trees 

Oak 2.1 

Pine 0.8 0.8 4.3 

Total 0.8 2.9 4.3 

Shrubs 

Fendler's ceanothus 9.5 

Mexican cliffrose 2.0 

shrubby cinquefoil 3.3 

Thimbleberry 8.1 8.1 2.2 

Red raspberry 2.1 

Total 10.1 13.5 11.7 

Grass and grasslike 

Brome 3.1 12.1 12.5 

Sedge 2.0 4.2 

Hairgrass 2.0 

wild rye 0.8 

Weeping lovegrass 2.0 
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Arizona fescue 0.8 2.2 

June grass 2.2 

Wolf tail 0.8 

Panic grass 0.8 

Mutton bluegrass 2.0 2.2 

Wheat 0.8 

Unknovln grass 4.1 3.3 2.2 

Total 16.8 22.0 21.3 

Forbs 

Western yarrow 5.8 

Milkvetch 3.1 0.8 2.2 

Golden aster 3.1 0.8 15.1 

Filaree 13.4 12.1 

Spreading fleabane 0.8 

Buckwheat 3.1 

Bracted strawberry 17.5 20.0 22.0 

Richardson's geranium 0.8 0.8 

Hackelia 4.1 0.8 2.2 

Deer vetch 0.8 

Lupine 0.8 4.2 

Horehound 0.8 

Mountain bluebells 15.4 10.0 10.3 

Checker mallow 3.1 4.2 

Clover 5.7 6.9 
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Showy goldeneye 3.3 

Unknown forbs 2.0 0.8 

Total 72.1 61.8 62.9 

Grand total 99.8 100.2 100.2 

No. Species 20 22 13 

Fall 

Species Males Females Calves 

No. samples composited 22 32 15 

Trees 

Juniper 2.2 

Pine 3.6 2.2 2.4 

Total 3.6 4.4 2.4 

Shrubs 

Fendler's ceanothus 11.7 24.9 16.9 

Mexican cliffrose 0.9 4.4 2.4 

Shrubby cinquefoil 2.3 2.4 

Arizona rose 2.4 

Thimbleberry 2.2 

Total 14.9 31.5 24.1 

Grass and qrass1ilce 

Bentgrass 4.5 2.2 

Three-awn 2.3 0.9 

Pine dropseed 2.4 
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Brome 13.1 11. 6 10.6 

Sedge 0.9 

Fendler's flatsedge 2.4 

Timber oatgrass 0.9 

Hairgrass 3.6 

Arizona fescue 2.3 

June grass 0.9 2.2 7.7 

Wolf tail 0.9 

Muhly 0.9 0.9 4.8 

Mutton bluegrass 9.0 6.2 2.4 

Unknown grasses 3.6 3.6 4.8 

Total 42.0 28.5 35.1 

Forbs 

Indian paintbrush 0.9 

Golden aster 3.6 0.9 4.8 

Filaree 0.9 2.2 2.4 

Spreading fleabane 3.6 3.6 

Spurge 2.3 

Bracted strawberry 13.1 7.1 12.0 

Gaura 0.9 

Richardson's geranium 2.2 

Hackelia 0.9 2.2 2.4 

Peavine 2.4 

Deer vetch 4.8 



APPENDIX C. (continued) 

Lupine 

Horehound 

Groundsel 

Globe mallow 

Common mullien 

Unknown forbs 

Total 

Grand total 

No. species 

winter 

Species 

No. samples composited 

Trees 

Juniper 

Pine 

Oak 

Total 

Shrubs 

Fendler's ceanothus 

Mountain mahogany 

Shrubby cinquefoil 

Total 

Grass and grass1iJt.e 

Wheatgrass 

6.3 

4.5 

3.6 

39.7 

100.2 

23 

Males 

16 

0.8 

3.3 

28.5 

32.6 

17.8 

16.5 

0.8 

35.1 

2.1 

0.9 

2.2 

8.9 

4.4 

35.5 

99.9 

22 

Females 

19 

7.5 

0.6 

51.2 

59.3 

9.5 

10.1 

1.4 

21. 0 

1.4 

4.8 

4.8 

38.4 

100.0 

19 
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Calves 

20 

5.9 

1.4 

43.4 

50.7 

5.9 

11. 6 

1.4 

18.9 

1.2 
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Bramma grass 2.1 1.4 1.4 

Pine dropseed 0.8 

Brome 3.3 0.6 1.2 

Sedge 0.8 1.4 1.4 

weeping lovegrass 0.8 0.6 

Muhly 2.1 0.6 

Bluegrass 0.8 1.4 

Wheat 2.1 0.6 1.4 

Unknown grasses 0.8 2.9 2.7 

Total 15.7 10.9 9.3 

Forbs 

Milkvetch 0.8 2.7 

Golden aster 0.8 0.6 

Bracted strawberry 3.3 4.1 11. 5 

Alfalfa 3.3 1.4 2.7 

Groundsel 0.8 0.6 

Globe mallow 2.1 1.3 

Common mullien 2.1 0.6 1.4 

Unknown forbs 3.3 1.4 1.4 

Total 16.5 8.7 21.0 

Grand total 99.9 99.9 99.9 

No. species 22 20 16 
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APPENDIX D. vegetative types and the corresponding biotic 

communities (Brown 1982) identified in the White 

Mountains, Arizona, 1984-86. 

B i ot i c COllll1U1li ty 

Rocky Mountain 
subalpine conifer 
forest 

Vegetative 
association code 

400 

401 

402 

403 

404 

405 

406 

410 

411 

412 

413 

414 

415 

416 

420 

421 

422 

423 

424 

Description 
Englemann spruce with corkbark fir subdominant 

old uncut stands 
cut over stand; trees ~43.2 em dbh 

young stand; trees 27.9 to 43.1 em dbh 

pole stand; trees 12.7 to 27.8 em dbh 

saplings; trees 2.5 to 12.6 em dbh 

burned stand; regenerating trees ~2.5 em dbh 

clear cut stand; regenerating trees ~2.5 em dbh 

Englemann spruce with aspen subdominant 
old uncut stands 
cut over stand; trees ~43.2 em dbh 

young stand; trees 27.9 to 43.1 em dbh 

pole stand; trees 12.7 to 27.8 em dbh 

saplings; trees 2.5 to 12.6 em dbh 

burned stand; regenerating trees ~2.5 em dbh 

clear cut stand; regenerating trees ~2.5 em dbh 

Englemann spruce with Douglas fir subdominant 
old uncut stands 
cut over stand; trees ~43.2 em dbh 

young stand; trees 27.9 to 43.1 em dbh 

pole stand; trees 12.7 to 27.8 em dbh 

saplings; trees 2.5 to 12.6 em dbh 
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Seral aspen dominated 
subdominant 
stands in Rocky ~tountain 
subalpine, Rocky Mountain 
and Madrean conifer 
forests 

Rocky Mountain and 
Madrean conifer forest 
-Mixed conifer series-

425 

426 

300 

301 

302 

303 

304 

305 

306 

200 

201 

202 

203 

204 

205 

206 

210 

211 

212 

213 

214 

215 

216 

220 

169 

burned stand; regenerating trees ~2.5 cm dbh 

clear cut stand; regenerating trees ~2.5 cm dbh 

Aspen dominant with spruce, fir, or ponderosa 

old uncut stands 
cut over stand; trees ~43.2 cm dbh 

young stand; trees 27.9 to 43.1 cm dbh 

pole stand; trees 12.7 to 27.8 cm dbh 

saplings; trees 2.5 to 12.6 cm dbh 

burned stand; regenerating trees ~2.5 em dbh 

clear cut stand; regenerating trees ~2.5 cm 

Douglas fir stands 
old uncut stands 
cut over stand; trees ~43.2 cm dbh 

young stand; trees 27.9 to 43.1 cm dbh 

pole stand; trees 12.7 to 27.8 cm dbh 

saplings; trees 2.5 to 12.6 em dbh 

burned stand; regenerating trees ~2.5 em dbh 

clear cut stand; regenerating trees ~2.5 em dbh 

Douglas fir dominant with aspen subdominant 
old uncut stands 
cut over stand; trees ~43.2 cm dbh 

young stand; trees 27.9 to 43.1 cm dbh 

pole stand; trees 12.7 to 27.8 em dbh 

saplings; trees 2.5 to 12.6 em dbh 

burned stand; regenerating trees ~2.5 em dbh 

clear cut stand; regenerating trees ~2.5 cm dbh 

Douglas fir dominant with ponderosa subdominant 



APPENDIX D. (continued) 
221 

222 

223 

224 

225 

226 

230 

231 

232 

233 

234 

235 

236 

240 

241 

242 

243 

244 

245 

246 

Rocky Mountain and 100 
Madrean conifer forest 
-ponderosa series- 101 

102 

103 

170 

cut over stand; trees ~43.2 cm dbh 

young stand; trees 27.9 to 43.1 cm dbh 

pole stcnd; trees 12.7 to 27.8 cm dbh 

saplings; trees 2.5 to 12.6 cm dbh 

burned stand; regenerating trees ~2.5 cm dbh 

clear cut stand; regenerating trees ~2.5 em dbh 

Douglas fir dominant with spruce subdominant 
old uneut stands 
cut over stand; trees ~43.2 cm dbh 

young stand; trees 27.9 to 43.1 cm dbh 

pole stand; trees 12.7 to 27.8 cm dbh 

saplings; trees 2.5 to 12.6 em dbh 

burned stand; regenerating trees ~2.5 em dbh 

clear cut stand; regenerating trees ~2.5 cm dbh 

Douglas fir dominant with ~hite pine subdominant 
old uncut stands 
cut over stand; trees ~43.2 cm dbh 

young stand; trees 27.9 to 43.1 cm dbh 

pole stand; trees 12.7 to 27.8 em dbh 

saplings; trees 2.5 to 12.6 em dbh 

burned stand; regenerating trees ~2.5 em dbh 

clear cut stand; regenerating trees ~2.5 em dbh 

Ponderosa pine stands 
old uncut stands 
cut over stand; trees ~43.2 em dbh 

young stand; trees 27.9 to 43.1 em dbh 

pole stand; trees 12.7 to 27.8 em dbh 
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104 

105 

106 

110 

111 

112 

113 

114 

115 

116 

120 

121 

122 

123 

124 

125 

126 

130 

131 

132 

133 

134 

135 

136 

171 

saplings; trees 2.5 to 12.6 em dbh 

burned stand; regenerating trees ~2.5 em dbh 

clear cut stand; regenerating trees ~2.5 em dbh 

Ponderosa pine dominant with aspen subdominant 
old uncut stands 
cut over stand; trees ~43.2 em dbh 

young stand; trees 27.9 to 43.1 em dbh 

pole stand; trees 12.7 to 27.8 em dbh 

saplings; trees 2.5 to 12.6 em dbh 

burned stand; regenerating trees ~2.5 em dbh 

clear cut stand; regenerating trees ~2.5 em dbh 

Ponderosa pine dominant with Douglas fir subdominant 
old uncut stands 
cut over stand; trees ~43.2 em dbh 

young stand; trees 27.9 to 43.1 em dbh 

pole stand; trees 12.7 to 27.8 em dbh 

saplings; trees 2.5 to 12.6 em dbh 

burned stand; regenerating trees ~2.5 em dbh 

clear cut stand; regenerating trees ~2.5 em dbh 

Ponderosa pine dominant with spruce subdominant 
old uncut stands 
cut over stand; trees ~43.2 em dbh 

young stand; trees 27.9 to 43.1 em dbh 

pole stand; trees 12.7 to 27.8 em dbh 

saplings; trees 2.5 to 12.6 em dbh 

burned stand; regenerating trees ~2.5 em dbh 

clear cut stand; regenerating trees ~2.5 em dbh 
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Montane meadow 
grasslands 

Alpine-subalpine 
grasslands 

Plains-Great Basin 
grasslands 

Great Basin conifer 
woodlands 

Madrean evergreen 
woodlands 

500 

501 

502 

600 

610 

172 

large cienegas 1828.8 to 2438.4 m elevation 

smaller grassy forest openings ~2438.4 m elevation 

large natural and artificially created openings <1828.8m 

Juniper and pinyon-juniper dominated sites 

Oak or Arizona chaparral dominated sites 
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